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METHOD AND SYSTEM FOR THE
TREATMENT OF CHRONIC COPD WITH

NEBULIZED ANTICHOLINERGIC
ADMINISTRATIONS

This application claims priority under 35 U.S.C. § 120
from U.S. nonprovisional patent application Ser. No.
15/050,280, filed Feb. 22, 2016, and claims priority under
35 U.S.C. § 120 from U.S. nonprovisional patent application
Ser. No. 12/5477,406, filed Aug. 25, 2009, and claims priority
under 35 U.S.C. § 120 from U.S. nonprovisional patent
application Ser. No. 12/393,709, filed Feb. 26, 2009, and
claims priority under 35 U.S.C. § 119(e) from U.S. provi-
sional patent application 61/031,639, filed Feb. 26, 2008,
and from U.S. provisional patent application 61/080,184,
filed Jul. 11, 2008, each of which applications 1s 1corpo-
rated herein by reference in 1ts entirety.

BACKGROUND OF THE INVENTION

Chronic obstructive airway disease (COPD) 1s a pulmo-
nary (lung) disease characterized by chronic obstruction of
the airways. COPD encompasses emphysema and chronic
bronchitis. Chronic bronchitis 1s diagnosed where a patient
suflers from chronic cough, mucus production, or both, for
at least three months 1n at least two successive years where
other causes of chronic cough have been excluded. In
chronic bronchitis, airrway obstruction 1s caused by chronic
and excessive secretion of abnormal airway mucus, inflam-
mation, and bronchospasm. Often chronic bronchitis 1s
exacerbated by frequent or chronic infection.

Emphysema involves the destruction of elastin in terminal
bronchioles, which leads to remodeling, destruction and
ultimate collapse of the airway walls, Patients with emphy-
sema gradually lose the ability to exhale, causing a rise 1n
blood waste gasses (such as carbon dioxide), a drop 1n blood
oxygen, and a general degradation of patient stamina and
overall health. A characteristic of emphysema 1s permanent
loss of alveoli. Remodeling leads to permanent enlargement
of the air spaces distal to the terminal bronchioles, and
destruction of terminal bronchiole walls, though without
fibrosis. Emphysema 1s progressive with a poor prognosis.
Since there 1s no known method for repairing elastin or
restoring the alveoli, therapy 1s generally palliative and
persistent.

Most patients suflering from COPD have both emphy-
sema and chronic bronchitis. The standard of treatment for
COPD 1ncludes maintenance and/or rescue dosing of bron-
chodilator and/or anti-inflammatory aerosol drugs. While
most patients respond to treatment with metered dose inhal-
ers or dry powder inhalers, there 1s a subset of patients for
whom such options are not well-suited. Older and sicker
COPD patients, for example, often find 1t diflicult to use, or
do not experience therapeutic benefit from the use of,
metered dose inhalers or dry powder inhalers.

Dry powder inhalers are generally passive delivery
devices, which patients actuate by forcetul, controlled 1nha-
lation through the mouth. Metered dose inhalers, on the
other hand, are 1n general active delivery devices, which
create an atomized mist by forcing a drug solution or
suspension through a nozzle under pressure. A patient acti-
vates the metered dose mhaler by pressing an actuator and
simultaneously breathing in through the mouth 1n order to
deposit the drug 1n the patient’s lungs. Patients whose motor
skills are impaired or not fully developed will often have
trouble activating the device, coordinating their breathing,
and generally using metered dose 1inhalers. Patients who also
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2

have poor 1nhalation capacity and control find dry powder
inhalers to be diflicult to operate as well. Newer inhaler
devices that are breath-actuated or produce a soft mist are
casier for patients to operate; but these newer devices still
require coordination and a breath-hold; and achievement of
suflicient lung deposition and distribution 1s reliant on only
one or two 1nhalations. For sicker and older COPD patients,
nebulizer delivery of their medicines 1s an important deliv-
ery option, since they can generally receive a full dose
regardless of disease state, because all that 1s required 1s
normal (tidal) breathing over multiple minutes.

There are two general categories of bronchodilators mus-
carinic antagonists and beta 2-adrenergic agonists, Musca-
rinic antagonists are preferred and are recommended {first-
line therapy for maintenance treatment of moderate to severe
COPD. Long-acting muscarinic antagonists (so-called
LAMAS) are preferred to short-acting muscarinic antago-
nists, due to their superior ethicacy and duration of effect.
One LAMA that has been approved for use in cam 1n the
United States 1s tiotropium bromide powder for inhalation
(Spirivat, NDA No, 021395, Boehringer Ingelheim), Tiotrio-
pium bromide 1s available commercially only as a dry
powder, which 1s administered by a breath-activated inhaler.
A similar mode of administration 1s disclosed by Bannister
et al. (U.S. Pat. No. 7,229,607) for administration of glyco-
pyrronium bromide (glycopyrrolate) as a dry powder. The
607 patent claims a method for achieving grater than 20
hours of bronchodilation 1n a COPD patient by means of
coated particles i a dry powder formulation. The 607
patent distinguishes this methodology from administration
of a solution formulation of glycopyrrolate, which 1s char-
acterized as being unable to achieve eflective treatment of
COPD for longer than 12 hours. For example, Bannister et
al. state: “Schroeckenstein et al., J. Allergy Clin. Immunol.,
1988; 82(1): 115-119, discloses the use of glycopyrrolate 1n
an aerosol formulation for treating asthma. A single admin-
istration of the metered-dose glycopyrrolate aerosol
achieved bronchodilation over a 12 hour period.” Addition-
ally, Bannister et al. admat: “Skorodin, Arch Intern, Med,
1993; 153: 814 828, discloses the use of glycopyrrolate 1n an
aerosol formulation for the treatment of asthma and COPD.
It 1s stated that, in general, the quaternary ammonium
anticholinergic compounds have a duration of action of 4 to
12 hours. A dose of between 0.2 to 1.0 mg of glycopyrrolate
1s recommended at 6 to 12 hour intervals.” And the inventors
of the *607 patent also state: “Walker et al., Chest, 1987;
91(1): 49-51, also discloses the effect of inhaled glycopyr-
rolate as an asthma treatment. Again, the duration of eflec-
tive treatment 1s shown to be up to 12 hours, although up to
8 hours appears to be maximal.”

Hansel et al. (“Glycopyrrolate causes prolonged bron-
choprotection and bronchodilation in patients with asthma,”
128 Chest 1974-1979 (2005)) claim to have demonstrated an
improvement i bronchodilation and bronchoprotection 1n
mild-to-moderate asthmatic patients for a period of up to 30
h with nebulized glycopyrronium bromide (glycopyrrolate).
Single doses of glycopyrrolate (0.5, 1.0 and 2.0 mg/dose)
were administered to mild-to-moderate asthmatic volunteers
ages 18-60, who were then challenged with doubling incre-
ments of methacholine dose until a >20% fall in FEV, was
achieved. A log dose-response curve was constructed with
these data by linear interpolation. No clear dose-response
was observed for either bronchodilation or bronchoprotec-
tion. Although the authors claim to have demonstrated
bronchodilation for a period of up to 30 h, the mean response
in FEV, was clinically meaningiul (>10% change from
pre-dose levels) only at 2 hours post-dose and dropping to
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approximately 5% levels from 12 h through 30 h. This
indicates that the bronchodilator response was short-lived

and not sustainable beyond 12 hours. In the same study, the
authors demonstrated clinically meaningful bronchoprotec-
tive eflect of nebulized glycopyrrolate that was sustained up
to 30 h at all dose levels. Although the bronchoprotective
ellect 1in response to a bronchial challenge test 1s considered
a useful surrogate test for treatment of lung diseases with
airrway hyperresponsiveness, such as asthma, a positive
bronchoprotective test 1s not considered a predictive tool and
uselul test 1n patients with COPD, because of the different
disease pathology and mechanisms mvolved in COPD. As
outlined 1n the literature and international guidelines, the
airrway hyperresponsiveness test 1s not considered a suitable
test for use in COPD, therefore the data in asthma patients
presented by Hansel et al. cannot be extrapolated for COPD.
In any case, the authors seem to favor a breath-activated dry
powder 1nhaler as the optimal mode of delivery. Id. at 1978.
Thus, this study can be seen as being supportive of the dry
powder inhalation methodology taught by Bannister et al.
(U.S. Pat. No. 7,229,607). Hansel et al. list as conclusions
that nebulized glycopyrrolate may have a sustained duration
of action and be superior to 1pratropium bromide for treat-
ment of stable COPD. Id. at 1974. Nevertheless none of the
treated patients 1n Hansel, et al were 1dentified as suflering
from COPD, and no study has demonstrated a clinically
meaningful bronchodilator response i COPD, asthma, or
any other respiratory disease with nebulized glycopyrrolate
for greater than 12 hours at any dose.

A sub-segment of the COPD population comprising the
sickest and oldest patients requires nebulizer delivery of
theirr medicines because they are unable to satisiactorily
operate a metered dose or dry powder inhaler. However, the
treatment options for these patients are limited. Although
two long-acting beta 2 agonist solution formulations are
approved for nebulizer delivery twice daily (BID), and
indicated for the maintenance treatment of COPD symp-
toms, muscarinic antagonists are preferable for the treatment
of moderate to severe COPD. Also, once-daily dosing (QD)
1s prelferable to BID. Ipratropium bromide i1s the only
muscarinic antagonist approved for nebulizer delivery in
COPD (monotherapy or in combination with albuterol),
however 1pratropium +/— albuterol 1s indicated for admin-
istration four times per day (QID); and QID dosing and long
nebulization times of this short-acting agent 1s inconvenient,
leading to poor compliance and thus sub-optimal clinical
outcomes. Longer acting aerosol drugs have been demon-
strated to generally be more eflicacious and result in better
compliance compared to shorter acting drugs.

There 1s thus a need for additional therapeutic options for
the treatment of COPD. There 1s a need for therapeutic
options that offer greater convenience and better eflicacy,
especially for the sub-population of COPD patients who
require nebulizer delivery. In particular there 1s a need for a
nebulized muscarinic antagonist that provides more than 12
hours, and preferably at least 24 hours of therapeutic benefit
to COPD patients. Heretolore, no method, device or system
has been suggested that satisfies these needs.

SUMMARY OF THE INVENTION

The foregoing and further needs are satisfied by embodi-
ments of the present invention. Some embodiments provide
long-acting treatment of one or more symptoms of COPD.
Embodiments described herein provide methods, devices
and systems that permit relief of one or more symptoms of
COPD for a period of at least about 18 hr, preferably at least
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4

about 20 hours, and more preferably at least about 24 hours,
with nebulized administration of an antimuscarinic agent,
such as glycopyrrommum bromide (glycopyrrolate). In par-
ticular embodiments set forth herein, there are provided
methods, devices and systems for administration of an
antimuscarinic agent, such as glycopyrrolate, via a high
clliciency nebulizer. High efliciency nebulizers provide
shorter treatment times and superior lung deposition as
compared to conventional nebulizers. High efliciency nebu-
lizers can produce smaller particle sizes with tighter particle
s1ze distributions, which can result in more drug depositing,
in the lungs, and less drug depositing 1n the oropharyngeal
pathway. This 1s particularly advantageous for delivering a
muscarinic antagonist that has as a close-limiting side eflect
dry mouth, which can limit the amount of drug that can be
delivered to, and tolerated by, the patient, and thereby
prevent achievement ol maximal duration of therapeutic
benefit. Also, smaller particles tend to penetrate more
homogenously and farther into the lungs, thereby enhancing
distribution of the drug throughout the surface of the lungs
and targeting a greater proportion of muscarinic receptors
that are involved 1n the pathogenesis of one or more symp-
toms of cam Without wishing to be bound by theory, the
inventors believe that the enhanced deposition, distribution
or both of a long-acting muscarinic antagonist with a high
elliciency nebulizer (as opposed to a conventional nebulizer)
enhances outcomes 1n the treatment of COPD. In an exem-
plary embodiment, a nebulizer capable of delivering drop-
lets having a median particle diameter of less than about 4.5
um (especially less than about 4.0 um) and a geometric
standard deviation (GSD) of less than about 2.0, (especially
less than about 1.8) will provide more eflicacious and
better-tolerated treatment of COPD with an antimuscarinic
agent as compared to a conventional nebulizer. Some
embodiments provide a unit dosage form adapted or adapt-
able for administering a nominal dose of a muscarinic
antagonist, such as glycopyrrolate, with a ligh efliciency
nebulizer for treatment of COPD. Some embodiments pro-
vide a device comprising (1) a combination of a unit dosage
form adapted or adaptable for administering a nominal dose
of a muscarinic antagonist, such as glycopyrrolate, with a
high efliciency nebulizer for treatment of COPD; and (2) a
high efliciency nebulizer.

Furthermore, previous published reports of delivery of a
glycopyrrolate solution formulation by nebulizer were at
concentrations of no more than 0.2 mg/ml and contained a
preservative, benzyl alcohol, that 1s a known lung 1rritant.
Without wishing to be bound by theory, 1t 1s believed that a
higher concentration of glycopyrrolate at the muscarinic
receptor level and a more selective targeting of the musca-
rinic receptors (higher quantity of receptor binding) in the
arrways will contribute to a faster onset and/or greater
magnitude of therapeutic eflect and/or a greater duration of
therapeutic effect. Additionally, eliminating the preservative
enables higher or more concentrated doses of glycopyrrolate
to be delivered 1n a better-tolerated manner.

Some embodiments described herein provide a method of
treating a patient having chronic obstructive pulmonary
disease (COPD), comprising administering to the patient,
with a high efliciency nebulizer, a nominal dose of a
composition comprising a muscarinic antagonist that pro-
vides the patient with a therapeutic effect for at least about
24 hours. Also provided are systems for carrying out the
alorementioned method, comprising a formulation to be
nebulized and a high efliciency nebulizer. Some embodi-
ments described herein provide a method of treating a
patient having chronic obstructive pulmonary disease
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(COPD), comprising administering to the patient, with a
high efliciency nebulizer, a nominal dose of a composition
comprising a muscarinic antagonist, wherein administering
said nominal dose with said high efliciency nebulizer pro-
vides to the patient: (1) an increased magnitude and/or
duration of therapeutic effect; and (2) reduced or acceptable
side eflects, compared to administering the same nominal
dose of the muscarinic antagonist with a conventional nebu-
lizer. Some embodiments comprise administering said nomi-
nal dose with the high efliciency nebulizer to the patient that
results 1n therapeutically acceptable side eflects. In some
embodiments, the method comprises administering said
nominal dose of the composition with the high efliciency
nebulizer to the patient that results 1n reduced side eflects
compared to administering the same nominal dose with a
conventional nebulizer. In some embodiments, the method
comprises administering said nominal dose of the compo-
sition with the high efliciency nebulizer produces a calcu-
lated respirable dose of the muscarinic antagonist, whereby
the patient experiences reduced side eflects compared to
administering a nominal dose that 1s calculated to achieve
the same respirable dose with a conventional nebulizer. In
some embodiments, the method comprises administering
saild nominal dose of the composition with the high efli-
ciency nebulizer achieves a deposited lung dose of the
muscarinic antagonist, whereby the patient experiences
reduced side effects compared to administering a nominal
dose that achieves substantially the same deposited lung
dose with a conventional nebulizer. In some embodiments,
the composition comprising the muscarinic antagonist 1s a
concentrated, preservative-free, pH-adjusted solution for-
mulation of the muscarinic antagonist. In some embodi-
ments, €.g. when the muscarinic antagonist 1s glycopyrro-
late, the concentration of the muscarinic antagonist 1s about
25 to about 400 pg/mlL. In some embodiments, the compo-
sition has a pH of 3 to 5. In some embodiments, the
formulation 1s room temperature stable for at least 2 years.
In some embodiments, the composition comprising the
muscarinic antagonist contains about 50 ng to about 1000 ug,
of glycopyrrolate as the muscarinic antagonist. In some
embodiments, the composition has a volume of about 1.0
mL or less, e.g. 0.1 to 1.0 mL (especially 0.3 to 0.7 mL) or
0.5 mL. In some embodiments, the composition 1s admin-
1stered 1n about 3 minutes or less. In some embodiments, the
solution has a stabilizing excipient. In some embodiments,
the stabilizing excipient 1s ethylenediaminetetraacetic acid
(EDTA) or a pharmaceutically acceptable salt thereof. In
some embodiments, the composition further comprises an
excipient to mitigate side eflects, for example dry mouth. In
some embodiments, the excipient comprises citric acid or a
pharmaceutically acceptable salt thereof. In some embodi-
ments, the muscarinic antagonist 1s a long-acting muscarinic
antagonist. In some embodiments, the nominal dose of the
composition comprising the muscarinic antagonist contains
about 25 ug to about 2000 ug, about 25 ug to about 1000 ng,
or about 50 ug to about 1000 ug of glycopyrrolate as the
muscarinic antagonist. In some embodiments, the nominal
dose of the composition comprising the muscarinic antago-
nist contains about 25 ug to about 2000 ug, about 25 ug to
about 1000 pg, about 25 ng to about 300 ng, about 25 ug to
about 350 ug, about 25 ng to about 300 ug, about 25 ug to
about 250 ug, about 25 ng to about 200 ug, about 50 ug to
about 2000 ng, about 50 ug to about 1000 ug, about 50 ug
to about 500 ug, about 50 ug to about 350 ng, about 50 ug
to about 300 ug, about 50 ug to about 250 ng, about 50 ug
to about 200 g, about 75 ng to about 2000 ug, about 75 ug
to about 1000 ug, about 75 ug to about 500 ug, about 75 ug
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to about 350 ug, about 75 ug to about 300 pg, about 75 ug
to about 250 ug, about 75 ug to about 200 ug, about 100 ug
to about 2000 ug, about 100 pg to about 1000 ug, about 100
ug to about 500 ug, about 100 ug to about 350 ug, about 100
ug to about 300 ug, about 100 ug to about 250 ug, about 100
ug to about 200 ug, about 50 ng, about 75 ug, about 100 ng,
about 125 ng, about 150 pg, about 175 ng, about 200 ng,
about 225 ug, about 250 ug, about 275 ug, 300 ug, about 325
ug, about 350 ug, about 400 ug, about 450 ug, about 475 ng,
bout 500 pg, about 525 ng, about 550 ng, about 575 ug,
bout 600 png, about 625 ng, about 650 nug, about 675 ug,
pout 700 pg, about 725 pg, about 750 ng, about 775 ug,
bout 800 pg, about 825 ng, about 850 ug, about 875 ug,
bout 900 pg, about 925 ng, about 950 ug, about 975 ug,
bout 1000 pg, about 1250 g, about 1500 ug, about 1750
ug, about 2000 ug of glycopyrrolate as the muscarinic
antagonist. In some embodiments, the high efliciency nebu-
lizer emits droplets having a Mass Median Aerodynamic
Diameter (MMAD) of less than about 4.5 um and a geo-
metric standard deviation (GSD) of less than about 2.0, or
optimally an MMAD of less than 4.0 um and a GSD less
than 1.8. In some embodiments, the therapeutic eflect com-
prises an improvement of FEV, above baseline of at least
about 10% at 24 hours after the composition 1s administered
with the high efliciency nebulizer. In some embodiments, the
therapeutic eflect comprises an improvement of FI above
baseline of at least about 100 at 24 hours after the compo-
sition 1s administered with the high efliciency nebulizer. In
some embodiments, the composition further comprises a
beta 2-adrenoceptor agonist, a corticosteroid, or both.

Some embodiments described herein provide an inhala-
tion system for the treatment or prophylaxis of a respiratory
condition 1n a patient, the system comprising: (a) a nominal
dose of a muscarinic antagonist 1n an aqueous inhalation
solution; and (b) a high efliciency nebulizer, wherein admin-
istration of the muscarinic antagonist with the inhalation
device provides muscarinic antagonist lung deposition (de-
posited or calculated lung dose) of at least about 30%, at
least about 35%, at least about 40%, at least about 45%, at
least about 50%, at least about 55%, at least about 60%,
about 30% to about 60%, about 30% to about 55%, about
30% to about 50%, about 30% to about 40%, about 30% to
about 75%, about 40% to about 70%, or about 435% to about
60%, of the nominal dose of the muscarinic antagonist.
Some embodiments provide a unit dosage form, which
comprises a contamner that holds a nominal dose of a
composition comprising a muscarinic antagonist, such as
glycopyrrolate, said contalner being adapted or adaptable to
operate with a high efliciency nebulizer to carry out the
foregoing method. Some embodiments provide a combina-
tion of (1) a high efliciency nebulizer and (2) the atoremen-
tioned unit dosage form.

Some embodiments described herein prowde a composi-
tion for administration with a high efliciency nebulizer,
comprising a concentrated, preservative-iree, pH-adjusted
solution formulation of the muscarinic antagonist. In some
embodiments, the muscarinic antagonist 1s glycopyrrolate.
In some embodiments, the glycopyrrolate formulation has a
concentration of about 50 to about 400 pg/ml. In some
embodiments, the glycopyrrolate formulation has a concen-
tration of at least 0.5 mg/mL. In some embodiments, the
glycopyrrolate has a concentration of at least 1 mg/mL. In
some embodiments, the pH 1s about 3 to about 5, and the
composition contains a beta 2-adrenoceptor agonist (e.g.
albuterol, levalbuterol, salmeterol, formoterol, or arfor-
moterol), and/or a corticosteroid (budesonide, fluticasone,
ciclesonide). In some embodiments, the composition further
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comprises a non-steroidal anti-inflammatory agent. In some
embodiments, the composition 1s administered with a high
ciliciency nebulizer in 2 minutes or less.

Some embodiments described herein provide a method of
treating a patient having chronic obstructive pulmonary
disease (COPD), comprising administering to the patient,
with a high efliciency nebulizer, a composition comprising,
a muscarinic antagonist that provides to the patient a respi-
rable dose or deposited dose of a muscarinic antagonist,
wherein achievement of said respirable dose or deposited
dose with said high efliciency nebulizer provides to the
patient: (1) a similar or an increased magnitude and/or
duration of therapeutic effect; and (2) reduced or acceptable
side eflects, compared to achievement of the same respirable
dose or deposited dose of the muscarinic antagonist with a
conventional nebulizer. In some embodiments, achievement
of the respirable dose or deposited dose with the high
elliciency nebulizer produces 1n the patient an increased
duration of therapeutic eflect of at least 24 hours after
administration of the nominal dose. In some embodiments,
the therapeutic eflect comprises an improvement of FEV, of
at least about 100 mL above baseline when adjusted for
placebo or at least about 10% above baseline, when adjusted
for placebo, 24 hours after the composition 1s administered
with the high efliciency nebulizer.

Some embodiments described herein provide a method of
treating a patient having chronic obstructive pulmonary
disease (COPD), comprising administering to the patient,
with a nebulizer, a dose of glycopyrrolate, wheremn the
administration produces in the patient an area under the
plasma concentration curve of glycopyrrolate (AUC) of at
least about 100 pg/mL-hr. In some embodiments, the admin-
istration of the dose of glycopyrrolate achieves in the patient
a ratio of AUC to maximum plasma concentration ol gly-
copyrrolate (Cmax) of at least about 0.6 hr, at least about
0.75 hr, at least about 1.0 hr, at least about 1.25 hr, or at least
about 1.5 hr. 1n some embodiments, the method results 1n a
therapeutic eflect for at least about 24 hours after adminis-
tering the glycopyrrolate. In some embodiments, the glyco-
pyrrolate dose 1s about 25 ug to about 1000 ug of glycopy-
rrolate. In some embodiments, the glycopyrrolate dose 1s
about 25 ug to about 400 ug of glycopyrrolate. In some
embodiments, the therapeutic eflect comprises an 1mprove-
ment of FEV, of at least about 100 mL above baseline when
adjusted for placebo or at least about 10% above baseline
when adjusted for placebo 24 hours after the glycopyrrolate
1s administered with the nebulizer. In some embodiments,
the nebulizer 1s a high efliciency nebulizer.

Some embodiments described herein provide an inhala-
tion system for the treatment or prophylaxis of a respiratory
condition in a patient, the system comprising: (a) a nominal
dose of a muscarinic antagonist in an aqueous inhalation
solution; and (b) an 1nhalation device, wherein the aqueous
inhalation solution provides a duration of therapeutic eflect
of at least about 12 hr, about 12 hr to about 24 hr, about 18
hr to about 24 hr, about 20 hr to about 24 hr or at least about
24 hr.

BRIEF DESCRIPTION OF THE DRAWINGS

Examples of aspects of the current imnvention are illus-
trated 1n the attached figures, of which:

FI1G. 1 1s a graph comparing the placebo-adjusted 24-hour
(trough) FEV, (L) obtained by administering a 200 ug dose
of glycopyrrolate with a high efliciency nebulizer (PARI

cFlow®) and a conventional jet nebulizer.
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FIG. 2 1s a graph comparing the placebo-adjusted 24-hour
(trough) FEV, (L) obtained by administering 25 ng, 75 ng,
200 g, 500 ug and 1000 ug of glycopyrrolate with a high
clliciency nebulizer (left 5 bars) and 200 ug with a conven-
tional jet nebulizer (right bar).

FIG. 3 1s a graph comparing lung function response
(FEV, (L) change from baseline) over a time course of 30
hours for 200 ng of glycopyrrolate administered with a high
elliciency nebulizer, 200 ng of glycopyrrolate administered
with a conventional jet nebulizer, and placebo (saline)
administered with the conventional jet nebulizer. The gly-
copyrrolate dose administered with the high efliciency nebu-
lizer provided a mean improvement in peak lung function
(peak FEV ) of about 45 mL compared to the same glyco-
pyrrolate dose administered 1n the conventional jet nebu-
lizer. Also, the glycopyrrolate dose administered with the
high efliciency nebulizer provided improvement in lung
function of greater than 100 mL FEV, above baseline at the
24 hour time point, whereas the same dose administered
with the conventional jet nebulizer failed to achieve an
increase 1n FEV | above baseline greater than 100 mL at any
time point after 12 hr.

FIG. 4 1s a graph comparing lung function response
(FEV, (% change from baseline)) over a time course of 30
hours for 200 ng of glycopyrrolate administered with a high
elliciency nebulizer (left-most bar at each time point), 200
ug of glycopyrrolate administered with a conventional jet
nebulizer (right-most bar at each time point), and placebo
(saline) administered with the conventional jet nebulizer
(middle bar at each time point). The glycopyrrolate dose
administered with the high efliciency nebulizer provided
improvement 1n lung function of greater than 10% improve-
ment 1n FEV, above baseline at the 24 hour time point,
whereas the same dose administered with the conventional
jet nebulizer failed to achieve an increase in FEV, above
baseline greater than 10% at any time point after 12 hr.

FIG. 5 1s a graph comparing the area under the FEV, (L,
above baseline) curve from 0-24 hours (AUC,_,.) obtained
by administering 25 ug, 75 ug, 200 ug, 500 ug and 1000 ug
of glycopyrrolate with a high efliciency nebulizer (left 5
bars); and placebo and 200 ug of glycopyrrolate with a
conventional jet nebulizer (right 2 bars). The AUC,_,.,
results are shown in L-hr.

FIG. 6 1s a graph comparing the area under the FEV, (L,
above baseline) curve from 0-12 hours (AUC,.,, ;..)
obtained by administering 25 ug, 75 ug, 200 ng, 500 ug and
1000 ug of glycopyrrolate with a high efliciency nebulizer
(left 5 bars); and placebo and 200 of glycopyrrolate with a
conventional jet nebulizer (right 2 bars). The AUC,_,,
results are shown in L-hr. The AUC values for the doses
delivered by the high efliciency nebulizer achieved a similar
robust magnitude of FEV, improvement as the dose deliv-
ered by the conventional jet nebulizer over the first 12 hours
post-administration.

FIG. 7 1s a graph comparing the area under the FEV, (L,
above baseline) curve from 12-24 hours (AUC,, ,.)
obtained by admimistering 25 ug, 75 ug, 200 ug, 500 ug and
1000 ng of glycopyrrolate with a high efliciency nebulizer
(left 5 bars); and placebo and 200 ug of glycopyrrolate with
a conventional jet nebulizer (right 2 bars). The AUC,,_,.,
results are shown in L-hr. Although the subjects that recerved
the 200 ng dose via a conventional nebulizer achieved
similar AUC FEV, values trom 0-24 hours, and 12-24 hours,
as the AUC FEV, values achieved by those subjects who
received the 25 ug dose administered by the high efliciency
nebulizer, the mean AUC FEV, value for the FEV, response
to the 200 ug dose via the conventional nebulizer was
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inferior and not clinically meaningful during 12-24 hours
post-dosing, whereas all doses greater than 25 ng adminis-
tered by the high efliciency nebulizer achieved robust pro-
longed duration of bronchodilation over the entire 24 hours.

FIG. 8 1s a line graph comparing glycopyrrolate blood
plasma concentrations during the first two hours after
administration of 200 ug glycopyrrolate with a high eth-
ciency nebulizer (upper line) and 200 ug glycopyrrolate with

a conventional jet nebulizer (lower line).

DETAILED DESCRIPTION OF TH.
INVENTION

L1l

Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as commonly
understood by one of skill 1n the art to which the 1nventions
described herein belong. All publications, patents, and pat-
ent applications mentioned 1n this specification are herein
incorporated by reference to the same extent as 1f each
individual publication, patent, or patent application was
specifically and individually indicated to be incorporated by
reference.

Definition of Terms

As used herein, the term “about” 1s used synonymously
with the term “approximately.” Illustratively, the use of the
term “about” with regard to a certain therapeutically etlec-
tive pharmaceutical dose indicates that values slightly out-
side the cited values, e.g. plus or minus 0.1% to 10%, which
are also eflective and safe.

As used herein, the terms “comprising,” “including,”
“such as,” and “for example” (or “e.g.”)) are used 1n their
open, non-limiting sense.

As used herein “mcg” means micrograms and 1s synony-
mous with “ug” “ug”. One microgram 1s 0.001 mg, or
0.000001 ¢.

As used herein, the phrase “consisting essentially of” 1s a
transitional phrase used 1n a claim to indicate that the
tollowing list of 1ngredients, parts or process steps must be
present 1n the claimed composition, machine or process, but
that the claim 1s open to unlisted ingredients, parts or process
steps that do not materially aflect the basic and novel
properties of the mvention.

“Nomuinal dose,” as used herein, refers to the loaded dose,
which 1s the amount of active pharmaceutical ingredient
(“API”) 1n an inhalation device prior to administration to the
patient. The volume of solution containing the nominal dose
1s referred to as the “fill volume.”

“AUC ., as used herein, refers to the area under a
blood plasma concentration curve up to the last time point
for the nominal dose of active pharmaceutical ingredient
(API) administered with a high efliciency nebulizer.

“AUC D_I)CG””” as used herein, refers to the area under a
blood plasma concentration curve up to the last time point
for a nominal dose of active pharmaceutical ingredient (API)
administered with a conventional nebulizer.

“AUC(D_m)HEN ” as used herein, refers to the area under a
blood plasma concentration curve for a nominal dose of
active pharmaceutical ingredient (API) administered with a
high efliciency nebulizer.

“AUC(D_DD)CU”"’” as used herein, refers to the area under a
blood plasma concentration curve for a nominal dose of
active pharmaceutical ingredient (API) administered with a
conventional nebulizer [AUC(D_C,D)CC’”"’].

“Substantially the same nominal dose” as used herein,
means that a first nominal dose of an active pharmaceutical

ingredient (API) contains approximately the same number of
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millimoles of the muscarinic antagonist as a second nominal
dose of the muscarinic antagonist.

“Bioavailability” as used herein, refers to the amount of
unchanged drug that reaches the systemic circulation. By
definition, the bioavailability of an intravenous solution
containing the active pharmaceutical ingredient (API) 1s
100%.

“Enhanced lung deposition,” as used herein, refers to an
increase 1 drug deposition (deposited lung dose) arising out
of, for example, the improved efliciency of drug delivery
with a high efliciency nebulizer. In general, a high efliciency
nebulizer will produce a drug cloud having a greater respi-
rable fraction than a conventional nebulizer. While not
wishing to be bound by theory, 1t 1s considered that a greater
respirable fraction will permit greater lung deposition and
concomitantly lower oropharyngeal deposition of the drug.
In some embodiments, 1t 1s considered that reduced oropha-
ryngeal deposition of drug will reduce local side eflects, for
example dry mouth.

“Deposited dose” or “deposited lung dose” 1s the amount
of muscarinic antagonist deposited 1n the lung. The depos-
ited dose or deposited lung dose may be expressed 1n
absolute terms, for example the number of ug of API
deposited 1n the lungs. The deposited lung dose may be
expressed as a percentage of the nominal dose deposited 1n
the lungs. The deposited lung dose may also be expressed 1n
relative terms, for example comparing the mass of API
deposited in the lungs with a high efliciency nebulizer to the
mass of API deposited in the lungs with a conventional
nebulizer.

“C, 7 as used herein, refers to the maximum blood
plasma concentration for a nominal dose of the active
pharmaceutical ingredient (API) administered with a high
clliciency nebulizer.

“C_ " as used herein, refers to the maximum blood
plasma concentration for a nominal dose of the active
pharmaceutical ingredient (API) administered with a con-
ventional nebulizer.

“Enhanced pharmacokinetic profile” means an improve-
ment 1n some pharmacokinetic parameter. Pharmacokinetic
parameters that may be mmproved include, AUC, .
AUC.coy T, and optionally a C, .. In some embodi-
ments, the enhanced pharmacokinetic profile may be mea-
sured quantitatively by comparing a pharmacokinetic
parameter obtained for a nominal dose of an active phar-
maceutical ingredient (API) administered with one type of
inhalation device (e.g. a high efliciency nebulizer) with the
same pharmacokinetic parameter obtained with the same
nominal dose of active pharmaceutical ingredient (API)
administered with a diflerent type of inhalation device.

“Blood plasma concentration” refers to the concentration
of an active pharmaceutical ingredient (API) in the plasma
component of blood of a subject or patient population.

“Respiratory condition,” as used herein, refers to a disease
or condition that 1s physically manifested in the respiratory
tract, including, but not limited to, chronic obstructive
pulmonary disease (COPD)), bronchitis, chronic bronchitis,
emphysema, asthma, or reactive airway disorder (RAD).

“Patient” refers to the amimal (especially mammal) or
human being treated.

“Muscarinic antagonist” refers to antimuscarinic agents,
which are compounds that have the ability to inhibit the
action of the neurotransmitter acetylcholine by blocking 1ts
binding to muscarinic cholinergic receptors. These agents
can be long-acting or short-acting. Long-acting muscarinic
antagonists have a therapeutic effect lasting greater than
about 6 hours. Some long-acting muscarinic antagonists
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include, but are not limited to, glycopyrrolate, tiotropiurn,

aclidinium, trospium, darotropium, QAT 370, GSK 2337053,
GSK 573719, GSK 656398, TD4208, BEA 218 or a phar-
maceutical acceptable derivative, salt, enantiomer, diaste-
reomer, or racemic mixture thereof. Short-acting muscarinic
antagonists have a therapeutic effect for less than about 6
hours. Some short-acting muscarinic antagonists include,
but are not limited to, 1pratroprum, oxitropium, or a phar-
maceutical acceptable derivative, salt, enantiomer, diaste-
reomer, or racemic mixture thereotf. In some embodiments,
the “muscarinic antagonist” 1s glycopyrrolate, tiotropium,
aclidinium, trospium, QAT370, GSK233705, GSK 656398,
BEA2180, ipratropium, oxitropium, oxybutynin or a phar-
maceutical acceptable derivative, salt, enantiomer, diaste-
reomer, or a pharmaceutical acceptable dernivative, salt,
enantiomer, diastereomer, or racemic mixture thereof.

“Nebulizer,” as used herein, refers to a device that turns
medications, compositions, formulations, suspensions, and
mixtures, etc. mnto a fine mist for delivery to the lungs.
Nebulizers may also be referred to as atomizers.

“Drug absorption” or stmply “absorption” typically refers
to the process of movement of drug from site of delivery of
a drug across a barrier into a blood vessel or the site of
action, e.g., a drug being absorbed in the pulmonary capil-
lary beds of the alveol.

[T “*¥] as used herein, refers to the amount of time
necessary for a nominal dose of an active pharmaceutical
ingredient (API) to attain maximum blood plasma concen-
tration after administration with a high efliciency nebulizer.

[T1/2] Half-life: T1/2 1n reference to the elimination rate
of a drug, such as a muscarinic antagonist (e.g. glycopyr-
rolate) 1s the amount of time necessary for the drug’s plasma
concentration to drop to one-half of its mitial plasma con-
centration.

[T "] as used herein, refers to the amount of time
necessary for a nominal dose of an active pharmaceutical
ingredient (API) to attain maximum blood plasma concen-
tration after administration with a conventional nebulizer.

The term ““treat” and 1ts grammatical variants (e.g. “to
treat,” “treating,” and “treatment”) refer to administration of
an active pharmaceutical ingredient to a patient with the
purpose of ameliorating or reducing the incidence of one or
more symptoms of a condition or disease state 1n the patient.
Such symptoms may be chronic or acute; and such amelio-
ration may be partial or complete. In the present context,
treatment entails administering a muscarinic antagonist (op-
tionally in combination with a beta 2-adrenoceptor agonist)
to a patient via a pulmonary inhalation route.

The term “prophylaxis” refers to administration of an
active pharmaceutical ingredient to a patient with the pur-
pose of reducing the occurrence or recurrence of one or more
acute symptoms associated with a disease state in the
patient. In the present context, prophylaxis entails adminis-
tering a muscarinic antagonist (optionally in combination
with a beta 2-adrenoceptor agonist) to a patient via a
pulmonary inhalation route. Thus, prophylaxis includes
reduction in the occurrence or recurrence rate ol acute
exacerbations 1n chronic obstructive pulmonary disease
(COPD). However, prophylaxis 1s not intended to include
complete prevention of onset of a disease state 1n a patient
who has not previously been 1dentified as suflering from a
pulmonary condition or disease; nor does prophylaxis
include prevention of pulmonary cancer.

As used herein, a difference 1s “significant™ 11 a person
skilled 1n the art would recognize that the difference 1s
probably real. In some embodiments, significance may be
determined statistically 1n which case two measured param-
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cters may be referred to as statistically significant. In some
embodiments, statistical significance may be quantified 1n
terms of a stated confidence interval (CI), e.g. greater than
90%, greater than 95%, greater than 98%, etc. In some
embodiments, statistical significance may be quantified 1n
terms ol a p value, e.g. less than 0.3, less than 0.1, less than
0.03, etc. The person skilled in the art will recognize these
expressions of significance and will know how to apply
them appropriately to the specific parameters that are being,
compared.

In some embodiments described herein an active phar-
maceutical ingredient (API) 1s a muscarinic antagonist. In
some embodiments, the API 1s substantially free of other
bronchodilating agents, such as beta 2-adrenoceptor ago-
nists, like formoterol, salmeterol and salbutamol (albuterol).
In this context, “substantially free of other bronchodilating
agents” indicates that the solution contains no other bron-
chodilating agent or contains less than a quantity of another
bronchodilating agent that would be suflicient to materially
allect the properties of the muscarinic antagonist solution. In
some embodiments, the API 1s a muscarinic antagonist
(optionally 1n combination with a beta 2-adrenoceptor ago-
nist and/or 1n combination with an anti-inflammatory agent
which could include a corticosteroid or a non-steroidal
anti-inflammatory drug (NSAID)). In some embodiments,
the API 1s free of other bronchodilating agents, such as beta
2-adrenoceptor agonists, like formoterol, salmeterol and
salbutamol (albuterol). In this context, “free of other bron-
chodilating agents” means that the solution contains no other
bronchodilating agent than the recited muscarinic antago-
nist, or contains less than a detectable amount of the other
bronchodilating agents.

Methods and Systems for the Treatment of Respiratory
Conditions with HENs

The present invention provides methods and inhalation
systems for treatment or prophylaxis of a respiratory con-
dition 1n a patient, such as chronic obstructive pulmonary
disease (COPD), and optionally chronic bronchitis and/or
emphysema. In some embodiments, the methods and 1nha-
lation systems comprise administering to a patient a nominal
dose of an active pharmaceutical ingredient (API), musca-
rinic antagonist (optionally in combination with a beta
2-adrenoceptor agonist and/or in combination with an anti-
inflammatory agent which could include a corticosteroid or
a non-steroidal anti-inflammatory drug (NSAID)) 1 an
aqueous nhalation solution with a high efliciency nebulizer
(HEN), wherein delivering the nominal dose of the musca-
rinic antagonist to the patient provides one or more of the
following advantages: (1) an enhanced pharmacokinetic
profile as compared to administration with a conventional
nebulizer; (2) an enhanced therapeutic eflect as compared to
administration with a conventional nebulizer; (4) an
enhanced lung deposition (deposited lung dose) evidenced
by scintigraphy or deconvolution, or derived from suitable
in vitro indicators such as RDDR, RF, GSD, and/or a
MMAD values as compared to administration with a con-
ventional nebulizer; (5) reduced administration times, peri-
ods, and/or volumes as compared to administration with a
conventional nebulizer; (6) a reduction 1n adverse side
cllects associated with API treatment and optionally a longer
duration of therapeutic effect as compared to administration
with a conventional nebulizer; (7) optional administration
with a beta 2-adrenoceptor agonist and optionally a corti-
costeroid; and (8) an enhanced method of treatment of acute
exacerbations of a respiratory condition 1 a patient, e.g.
COPD. In some embodiments, the methods and inhalation
systems comprise admimstering to a patient a nominal dose
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ol an increased concentration of API in an aqueous inhala-
tion device, metered dose inhaler (MD"), conventional
nebulizer, or high efliciency nebulizer.

Inhalation Therapy

An 1halation device, as used herein, refers to any device
that 1s capable of administering a solution to the respiratory
airways ol a patient. Inhalation devices include conventional
inhalation devices, such as metered dose inhalers (MDIs),
conventional nebulizers, such as jet nebulizers, and high

clliciency nebulizers, such as vibrating membrane nebuliz-
ers.

Inhalation nebulizers, or atomizers, are also commonly
used for the treatment of respiratory diseases. Inhalation
nebulizers deliver therapeutically effective amounts of phar-
maceuticals by forming an aerosol which includes droplet
s1zes that can easily be inhaled. The aerosol can be used, for
example, by a patient within the bounds of an inhalation
therapy, whereby the therapeutically eflective pharmaceuti-

cal or drug reaches the patient’s respiratory tract upon
inhalation.

High Efliciency Nebulizers

High efliciency nebulizers are inhalation devices that
comprise a microperforated membrane through which a
liquid solution 1s converted through electrical or mechanical
means into aerosol droplets suitable for inhalation. High
elliciency nebulizers can deliver a large fraction of a loaded
dose to a patient. In some embodiments, the high efliciency
nebulizer also utilizes one or more actively or passively
vibrating microperforated membranes. In some embodi-
ments, the high efliciency nebulizer contains one or more
oscillating membranes. In some embodiments, the high
elliciency nebulizer contains a vibrating mesh or plate with
multiple apertures and optionally a vibration generator with
an aerosol mixing chamber. In some such embodiments, the
mixing chamber functions to collect (or stage) the aerosol
from the aerosol generator. In some embodiments, an 1nha-
lation valve 1s also used to allow an intflow of ambient air
into the mixing chamber during an mhalation phase and 1s
closed to prevent escape of the aerosol from the mixing
chamber during an exhalation phase. In some such embodi-
ments, the exhalation valve 1s arranged at a mouthpiece
which 1s removably mounted at the mixing chamber and
through Which the patient inhales the aerosol from the
mixing chamber. Still yet, in some embodiments, the high
ciliciency nebulizer contains a pulsating membrane. In some
embodiments, the high efliciency nebulizer 1s continuously
operating.

In some embodiments, the high efliciency nebulizer con-
tains a vibrating microperforated membrane of tapered
nozzles that generates a plume of droplets without the need
for compressed air. In these embodiments, a solution 1n the
microperforated membrane nebulizer 1s 1n contact with a
membrane, the opposite side of which 1s open to the air. The
membrane 1s perforated by a large number of nozzle orifices
of an atomizing head. An aerosol 1s created when alternating
acoustic pressure 1n the solution 1s built up 1n the vicinity of
the membrane causing the fluid on the liguid side of the
membrane to be emitted through the nozzles as uniformly
s1zed droplets.

Some embodiments of high efliciency nebulizers use
passive nozzle membranes and a separate piezoelectric
transducer that stimulates the membrane. In contrast, some
high efliciency nebulizers employ an active nozzle mem-
brane, which use the acoustic pressure 1n the nebulizer to
generate very fine droplets of solution via the high frequency
vibration of the nozzle membrane.
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Some high efliciency nebulizers contain a resonant sys-
tem. In some such high efliciency nebulizers, the membrane
1s driven by a frequency for which the amplitude of the
vibrational movement at the center of the membrane 1s
particularly large, resulting 1n a focused acoustic pressure in
the vicinity of the nozzle; the resonant frequency may be
about 100 kHz. A flexible mounting i1s used to keep
unwanted loss of vibrational energy to the mechanical
surroundings of the atomizing head to a minimum. In some
embodiments, the vibrating membrane of the high efliciency
nebulizer may be made of a nickel-palladium alloy by
clectroforming.

In some embodiments, the high efliciency nebulizer
achieves lung deposition (deposited or calculated lung dose)
of at least about 30%, at least about 35%, at least about 40%,
at least about 45%, at least about 50%, at least about 55%,
at least about 60%, about 30% to about 60%, about 30% to
about 55%, about 30% to about 50%, about 30% to about
40%, about 30% to about 90%, about 40% to about 80%,
about 50% to about 60%, or about 60% to about 70% based
on the nominal dose of the muscarinic antagonist (optionally
in combination with a beta 2-adrenoceptor agonist) admin-
istered to the patient. In some embodiments, the high
elliciency nebulizer achieves a respirable dose delivery rate
(RDDR) of at least about 2 times, at least about 3 times or
at least about 4 times the RDDR achievable with a conven-
tional nebulizer. In some embodiments where the muscarinic
antagonist 1s glycopyrrolate the RDDR 1s at least about 100
uwg/min, at least about 150 pg/min, at least about 200 pg/min,
about 100 pg/min to at least about 5,000 ug/min, about 150
ug/min to about 4,000 ug/min or about 200 ug/min to about
3,500 pug/min. In some embodiments, Wherein the muscar-
inic antagonist 1s glycopyrrolate, the high efliciency nebu-
lizer achieves an output rate of at least about 120 pg/min, at
least about 150 ug/min, at least about 200 pug/min or at least
about 200 pg/min to at least about 5,000 pg/min, 1 some
embodiments, the high efliciency nebulizer provides a respi-
rable fraction (RF) of muscarinic antagonist of at least about
60%, at least about 65%, at least about 70%, at least about
75%, at least about 80%, at least about 85%, at least about
90%, about 60% to about 95%, about 65% to about 95%,
about 65% to about 90% or about 70% to about 90%. In
some embodiments, the high efliciency nebulizer provides a
Geometric Standard Deviation (GSD) of emaitted droplet size
distribution of the solution administered with a high eth-
ciency nebulizer of about 1.1 to about 2.1, about 1.2 to about
2.0, about 1.3 to about 1.9, at least about 1.4 to about 1.8, at
least about 1.5 to about 1.7, about 1.4, about 1.5, or about
1.6. In some embodiments, administration of the muscarinic
antagonist with the high efliciency nebulizer provides a
Mass Median Aerodynamic Diameter (MMAD) of droplet
s1ze of the solution emitted with the high efliciency nebulizer
of about 1 um to about 5 um, about 2 to about 4 um, about
3 um to about 4 um, about 3 to about 4 um, or about 3.5 to
about 4.0 um. In some particular embodiments, the high
elliciency nebulizer provides droplets having a particular
combination of MMAD and GSD, for example: an MMAD
of less than about 5 um and a GSD of about 1.1 to about 2.1;
an MMAD of less than about 4.5 um and a GSD of about 1.1
to about 2.1; an MMAD of about 1 um to about 5 um and
a GSD of about 1.1 to about 2.1; an MMAD of about 1.5 to
about 4.5 um and a GSD of about 1.1 to about 2.1; an
MMAD of less than about 5 um and a GSD of about 1.1 to
about 2.0; an MMAD of less than about 4.5 um and a GSD
of about 1.1 to about 2.0; an MMAD of about 1 um to about
5 um and a GSD of about 1.1 to about 2.0; an MMAD of
about 1.5 to about 4.5 um and a GSD of about 1.1 to about
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2.0; an MMAD of less than about 5 um and a GSD of about
1.1 to about 1.9; an MMAD of less than about 4.5 um and
a GSD of about 1.1 to about 1.9; an MMAD of about 1 um
to about 5 um and a GSD of about 1.1 to about 1.9; an
MMAD of about 1.5 to about 4.5 and a GSD of about 1.1 to
about 1.9; an MAD of less than about 5 um and a GSD of
about 1.1 to about 1.8; an MMAD of less than about 4.5 um
and a GSD of about 1.1 to about 1.8; an MMAD of about 1
um to about 5 um and a GSD of about 1.1 to about 1.8; or
an MMAD of about 1.5 to about 4.5 um and a GSD of about
1.1 to about 1.8.

In some embodiment, the high efliciency nebulizer pro-
vides muscarinic antagonist lung deposition (deposited or
calculated lung dose) of at least about 15%, at least about
20%, at least about 25%, at least about 30%, at least about
35%, at least about 40%, at least about 45%, at least about
50%, at least about 55%, at least about 60%, about 20% to
about 40%, about 25% to about 35%, about 25 to about 30%,
about 35% to about 90%, about 40% to about 80%, about
50% to about 60%, or about 60% to about 70% based on the
nominal dose of the muscarinic antagonist. In some embodi-
ments, the high efliciency nebulizer provides for one or more
of (a) or (b); and one or more of (1), (1), (111) or (1v): (a) a
respirable dose delivery rate (RDDR) of at least about 2
times, 3 times or 4 times the RDDR achievable with a
conventional nebulizer (for example, where the muscarinic
antagonist 1s glycopyrrolate, in some embodiments, RDDR
1s at least about 100 pg/min, at least about 150 ug/min, at
least about 200 pg/min, about 100 pug/min to about 5,000
ug/min, about 150 ug/min to about 4,000 ug/min or about
200 pg/min to about 3,500 ug/min); (b) an output rate of
muscarinic antagonist of at least about 2 times, 3 times or 4
times the output rate achievable with a conventional nebu-
lizer (for example, where the muscarinic antagonist 1s gly-
copyrrolate, the output rate 1s at least about 120 ug/min, at
least about 150 ug/min, at least about 200 ug/min or at least
about 200 ug/min to about 5,000 ng/min); (1) a respirable
fraction (RE) of muscarinic antagonist of at least about 30%,
at least about 35%, at least about 40%, at least about 45%,
at least about 50%, at least about 55%, at least about 65% to
at least about 75% or at least about 75% to at least about
85% respirable fraction upon administration; (11) a Geomet-
ric Standard. Deviation (GSD) of emitted droplet size dis-
tribution of the solution administered with a inhalation
device of about (111) about 1.1 to about 2.1, about 1.2 to about
2.0, about 1.3 to about 1.9, about 1.4 to about 1.8, about 1.5
to about 1.7, about 1.4, about 1.5, or about 1.6; (1v) or a Mass
Median Aerodynamic Diameter (MMAD) of droplet size of
the solution emitted with the inhalation device of about 1 um
to about 5 um, about 2 to about 4 um, about 3 to about 4 um,
or about 3.5 to about 4.0 um.

In accordance with the invention, i1n some embodiments,
a high efliciency nebulizer may be adapted or adaptable to
operate 1n conjunction with a unit dosage form, such as an
ampule or vial, which contains a single dose of a muscarinic
antagonist composition for the treatment of COPD. The unit
dosage form comprises a container that contains an inhala-
tion solution comprising the muscarinic antagonist, such as
glycopyrrolate. The container 1s adapted to cooperate with
the high efliciency nebulizer device i such a way as to
permit administration of the nominal dose of the inhalation
solution to a patient. In some embodiments, the high efli-
ciency nebulizer and the unit dosage form are configured so
that they are useable together, but not with other devices or
dosage forms. In some particular embodiments, the unit
dosage form 1s configured such that 1t fits into a keyhole-like
structure 1n the high efliciency nebulizer, but will not operate
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with other nebulizer devices. In such embodiments, the high
elliciency nebulizer 1s configured such that 1t will accept and
properly operate with the unit dosage form containing the
muscarinic antagonist, but not with other dosage forms.

Additional features of a ligh ethiciency nebulizer with
perforated membranes are disclosed 1n U.S. Pat. Nos. 6,962,
151, 5,152,456, 5,261,601, and 5,518,179, each of which is
hereby incorporated by reference in its entirety. Other
embodiments of the high efliciency nebulizer contain oscil-
latable membranes. Features of these high efliciency nebu-
lizers are disclosed 1n U.S. Pat. Nos. 7,252,085; 7,059,320;
6,983,74°/, each of which 1s hereby incorporated by refer-
ence 1n its entirety.

Commercial high efliciency nebulizers are available from:

PARI (Germany) under the trade name eFlow®; Aerogen,
Ltd. (Ireland) under the trade names AeroNeb® Go and

AeroNeb® Pro, AeroNeb® Solo, and other nebulizers uti-
lizing the OnQ® nebulizer technology; Respironics (Mur-
rysville, Calif.) under the trade names I-Neb®; Omron
(Bannockburn, I11.) under the trade name Micro-Ai1r®; Acti-
vacro (Germany) under the trade name Akita®, and
AerovectRx (Atlanta, Ga.) under the trade name Aerovec-
tRx®. Other high efliciency nebulizers are contemplated
within the scope of this disclosure; and the recitation of
particular high ethciency nebulizers 1s not intended to
exclude other high efliciency nebulizers from the scope of
the 1nvention.

Conventional Nebulizers

Conventional nebulizers include, for example jet nebu-
lizers or ultrasonic nebulizers. Jet nebulizers generally uti-
lize compressors to generate compressed air, which breaks
the liquid medication into small breathable droplets, which
form an aerosolized (atomized) mist. In some ol these
embodiments, when the patient breathes 1n, a valve at the top
opens, which then allows air into the apparatus, thereby
speeding up the mist generation; when the patient breathes
out, the top valve closes, thereby slowing down the mist
generation while simultaneously permitting the patient to
breathe out through the opening of a mouthpiece flap.

In general, conventional nebulizers are characterized by
relatively low efliciency in delivery of a muscarinic antago-
nist to the lung. Thus, a conventional nebulizer, such as a jet
nebulizer, 1s characterized by one or more of the following;:
(1) about 20% or less calculated respirable dose or measured
deposited lung dose as a percentage of the nominal dose of
API administered to the patient; (2) a respirable dose deliv-
ery rate (RDDR) of less than about 100 pg/min of the
muscarinic antagonist, when glycopyrrolate, administered to
the patient; (3) an output rate of less than about 100 ug/min
of glycopyrrolate adminmistered to the patient; (4) a residual
volume of greater than about 10% of the nominal dose of the
muscarinic antagonist.

Some conventional nebulizers are disclosed in U.S. Pat.
Nos. 6,513,727, 6,513,519, 6,176,237, 6,085,741, 6,000,
394, 5,957,389, 5,740,966, 5,549,102, 5,461,693, 5,458,136,
5,312,046, 5,309,900, 5,280,784, and 4,496,086, each of
which 1s hereby incorporated by reference 1n 1ts entirety.

Commercial conventional nebulizers are available from:
PARI (Germany) under the trade names PARI LC Plus®, L.C

Star®, and PARI-Jet®, A & H Products, Inc. (Tulsa, Okla.)
under the trade name AquaTower®; Hudson RCI (Temecula,
Calif.) under the trade name AVA-NEB®); Intersurgical, Inc.
(Liverpool, N.Y.) under the trade name Cirrus®; Salter Labs
(Arvin, Calif.) under the trade name Salter 8900®;
Respironics (Murrysville, Pa.) under the trade name Side-
stream®, Bunnell (Salt Lake City, Utah) under the trade
name Whisper Jet®; Smiths-Medical (Hyth Kent, UK)
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under the trade name Downdraft®, and DeVilbiss (Somer-
set, Pa.) under the trade name DeVilbiss®.
Active Ingredient(s)

Muscarinic Antagonists

Acetylcholine released from cholinergic neurons in the
peripheral and central nervous systems aflects many difler-
ent biological processes through interaction with two major
classes of acetylcholine receptors: the nicotinic and the
muscarinic receptors.

Muscarinic acetylcholine receptors are widely distributed
in vertebrate organs where they mediate many vital func-
tions. Three subtypes of muscarinic acetylcholine receptors
have been 1dentified as important in the lung, M1, M2, and
M3, each with 1ts unique pharmacological properties and a
product of a distinct gene. These three subtypes are also
located 1n organs other than the lung.

In the lung, M3 muscarinic receptors mediate smooth
muscle contraction. Stimulation of M3 muscarinic receptors
activate the enzyme phospholipase C via binding of the
stimulatory G protein Gq/11 (Gs), leading to liberation of
phosphatidyl 1nositol-4, 5-bisphosphate, resulting 1n phos-
phorylation of contractile proteins and bronchial constric-
tion. M3 muscarinic receptors are also found on pulmonary
submucosal glands, Stimulation of this population of M3
muscarinic receptors results 1 mucus secretion. M2 mus-
carinic receptors make up approximately 50-80% of the
cholinergic receptor population on airway smooth muscles.
Under normal physiological conditions, M2 muscarinic
receptors provide tight control of acetylcholine release from
parasympathetic nerves. M1 muscarinic receptors are found
in the pulmonary parasympathetic ganglia where they func-
tion to enhance neurotransmission.

Muscarimnic acetylcholine receptor dysfunction in the
lungs has been noted in a variety of diflerent pathophysi-
ological states. In COPD patients, inflammatory conditions
lead to loss of mhibitory M2 and M3 muscarinic acetylcho-
line autoreceptor function on parasympathetic nerves sup-
plying the pulmonary smooth muscle, causing an increased
release of acetylcholine. This dysfunction 1 muscarinic
receptors results 1n airrway hyperreactivity and hyperrespon-
SIVENESS.

Muscarinic acetylcholine receptor antagonist agents, or
muscarinic antagonists, have the ability to inhibit the action
of the neurotransmitter acetylcholine by blocking 1ts inter-
action with muscarinic cholinergic receptors in general, and
its 1nteraction with specific muscarinic receptor subtypes 1n
particular. Muscarinic antagonists thereby prevent the
cllects resulting from the passage ol unnecessary impulses
through the parasympathetic nerves mediated by increased
stimulation in patients with dysfunctional receptors, result-
ing in, among other physiological eflects, relaxation of
smooth muscles in the lung.

Aclidinium,  ((3R-3-{[hydroxydi(thiophen-2-yl)acetyl]
oxy }-1-(3-phenoxypropyl)-1-azoniabicyclo[2.2.2]octane
bromide), 1s a specific long-acting muscarinic receptor
antagonist. Aclidinium 1s 1n development for use as an
anticholinergic agent. Clinically, aclidinium has been tested
in a dry powder inhaled format.

In some embodiments of the present invention, the mus-
carinic antagonist 1s aclidintum and 1s administered at a
nominal dosage of 100 ng/dose to about 5 mg/dose, about 50
ug/dose to about 2 mg/dose or about 50 ng/dose to about 1
mg per dose. In other embodiments, aclidinium is given in
100 ug, 200 ug, 300 ug, 400 nug, 500 nug, 600 nug, 700 ug, 300
ug, 900 ng, or 1,000 ug doses.

The process of making aclidinium 1s known by a person
of ordinary skill in the art. Aclidinium can be made by a
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number of known methods including those described in U.S.
Pat. No. 6,750,226, which 1s incorporated herein by refer-
ence 1n 1ts entirety, and which sets forth several structurally
related muscarinic antagonists. Additional examples of mus-
carinic antagonists are set forth in U.S. Pat. Nos. 7,312,231
and 7,208,501, each of which 1s incorporated herein by
reference in 1ts entirety.

Trospium (endo-3-[(Hydroxydiphenylacetyl)oxy]spiro[ 8-
azoniabicyclo[3.2.1]ocatane-8,1"-pyrrolidinium]|  chlonde
benzilate), 1s a specific long-acting muscarinic; receptor
antagonist. Trospium has been known for many years to be
an eflective anticholinergic agent. Clinically, trospium has
been used 1n several indications and been delivered by a
number of different routes. Currently, trospium 1s used as a
urinary antispasmotic and 1s sold under the brand name
Sanctura®,

In some embodiments of the present invention, the mus-
carinic antagonist 1s trospium and i1s administered at a
nominal dosage of 10 ug/dose to about 5 mg/dose, about 10
ug/dose to about 2 mg/dose or about 50 pg/dose to about 1
mg per dose. In other embodiments, trospium 1s given 1 10
ug, S0 ug, 100 nug, 200 ug, 300 ng, 400 pg, 500 ug, 600 ug,
700 ug, 800 ug, 900 ug, or 1,000 ng doses.

The process of making trospium 1s known by a person of
ordinary skill in the art. Trospium can be made by a number
of known methods including those described in U.S. Pat.
No. 3,480,626, which 1s incorporated herein by reference in
its entirety.

Glycopyrrolate, 3-[(cyclopentylhydroxyphenylacetyl)
oxy]|-1,1-dimethylpyrrolidinium, 1s a specific long-acting
muscarinic receptor antagonist. Glycopyrrolate has been
known for many years to be an eflective anticholinergic
agent. Clinically, glycopyrrolate has been used in several
indications and been delivered by a number of different
routes. Currently, glycopyrrolate 1s approved for use as an
injectable compound to reduce secretions during anesthesia
and also as an oral product for treating gastric ulcers.

In some embodiments of the present invention, the mus-
carinic antagonist 1s glycopyrrolate and 1s administered with
a high ethiciency nebulizer at a nominal dosage of about 25
ug/dose to about 1 mg/dose, about 25 pig/dose to about 0.5
mg/dose, about 25 ng/dose to about 400 ng/dose, about 25
ug/dose to about 300 pg/dose, about 25 ug/dose to about 200
ug/dose, about 25 ug/dose to about 150 ng/dose, about 25
ug/dose to about 125 ug/dose, about 25 ug/dose to about 100
ug/dose 50 ng/dose to about 1 mg/dose, about 50 ng/dose to
about 0.5 mg/dose, about 50 pg/dose to about 300 ug/dose,
bout 30 ng/dose to about 250 ug/dose, about 50 ug/dose to
bout 200 pg/dose, about 50 ug/dose to about 150 ug/dose,
bout S0 ng/dose to about 125 ug/dose, about 50 ug/dose to
bout 100 ug/dose, less than about 150 pg/dose, less than
about 100 ng/dose, equal to or less than about 80 ug/dose,
100 pg/dose to about 5 mg/dose, about 200 ug/dose to about
2 mg/dose or about 250 png/dose to about 1 mg per dose. In
some preferred embodiments, the muscarinic antagonist 1s
glycopyrrolate and 1s administered with a high efliciency
nebulizer at a nominal dosage of about 25 ug, about 30 ug,
about 35 g, about 40 ug, about 45 ug, about 50 ng, about
55 g, about 60 ug, about 65 ug, about 70 ug, about 75 ug,
about 80 ug, about 85 ug, about 90 ug, about 95 ug, about
100 ug, about 110 ug, about 120 pg, about 125 ng, about 130
ug, about 135 ug, about 140 ug, about 150 ng, about 160 ng,
about 170 ng, about 175 ng, about 180 g, about 190 g,
pout 200 ug, about 25 ug to about 500 ug, about 350 ug to
pout 500 ug, about 50 ug to about 300 ug, about 350 ug to
bout 250 g, about 50 ug to about 200 ug, about 50 ug,
pout 75 ug, about 100 ug, about 125 pg, about 150 ug,
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about 175 ug, about 200 ug, about 225 ug, about 250 g,
about 275 ug or about 300 ug of glycopyrrolate per dose, 1n
some preferred embodiments, administration of the nominal
dose of glycopyrrolate with a high efliciency nebulizer
produces clinically meaningful improvement 1n lung func-
tion 1n a COPD patient at least 24 hours after administration
of a single dose.

The process of making glycopyrrolate 1s known by a
person of ordinary skill i the art. Glycopyrrolate can be
made as follows. First, alpha-phenylcyciopentaneglycolic
acid 1s esterified by retluxing with methanol 1n the presence
of hydrochloric acid and the resulting ester 1s transesterified
with 1-methyl-3-pyrrolidinol using sodium as a catalyst; the
transester 1s then reacted with methyl bromide to give
glycopyrrolate. U.S. Pat. No. 6,433,003, which describes
this process 1n more detail, 1s hereby incorporated by ref-
erence 1n 1ts entirety.

Glycopyrrolate for imjectable and oral administration 1s
readily commercially available. Injectable glycopyrrolate in
commercial administrations are sold by: Baxter Healthcare,
Inc. (Deerfield, I11.) under the trade name Robinul and by
Luitpold Pharmaceuticals, Inc. (Shirley, N.Y.) under the
generic name glycopyrrolate, Oral glycopyrrolate 1s com-
mercially available under the generic name glycopyrrolate
from Corepharma, LLC (Middlesex, N.J.) and Kali Labo-
ratories, Inc. (Somerset, N.J.), and 1s available from Sciele
Pharma, Inc. (Atlanta, Ga.) under the trade names Robinul
and Robinul Forte.

Tiotropiurn 1s another long-acting muscarinic antagonist
that may be mentioned. In some embodiments, the dose of
tiotropium administered with a high ethiciency nebulizer will
be less than about 15 pg, less than about 12 ug, less than
about 10 ug or less than about 8 ug. In some embodiments,
the dose will be 1n a range of about 1-10 g, about 1-9 ug,
about 1-8 ug or about 1-5 ug about 1 ug, about 2 ug, about
3 ug, about 4 ug, about 5 ug, about 6 ug, about 7 ug, about
8 ug, about 9 ug or about 10 ug per dose.

Muscarinic antagonists can be long-acting or short-acting.
Long-acting muscarinic antagonists have a therapeutic effect
lasting greater than about 6 hours. Short-acting muscarinic
antagonists have a duration of therapeutic efiect of less than
about 6 hours. Long-acting muscarinic antagonists include,
but are not lmmited to, glycopyrrolate, tiotropium, acli-
dinium, trospium, QAT370, GSK233705, GSK656398,
BEA 2180, or a pharmaceutical acceptable denivative, sallt,
enantiomer, diastereomer, or racemic mixtures thereof.

Short-acting muscarinic antagonists iclude, but are not
limited to 1pratropium, oxitropium or a pharmaceutical
acceptable derivative, salt, enantiomer, diastercomer, or
racemic mixtures thereof.

In some embodiments, the muscarinic antagonist 1s gly-
copyrrolate, tiotropium, aclidinium, trospium, QAT370,
GSK233705, GSK 656398, BEA2180, 1pratropium, oxitro-
pium, oxybutynin or a pharmaceutical acceptable derivative,
salt, enantiomer, diastereomer, or a pharmaceutical accept-
able derivative, salt, enantiomer, diastereomer, or racemic
mixture thereof.

In some embodiments, the inhalation solution comprising,
the muscarinic antagonist(s) further comprises a corticos-
teroid, such as fluticasone, mometasone, beclomethasone,
triamcinolone, fluniolide, ciclesonide, or budesonide. In
some embodiments, the inhalation solution further com-
prises an excipient, mcluding an organic acid, such as citric
acid, ascorbic acid or optionally a combination of both,
pilocarpine, cevimeline or carboxymethylcellulose, or a
mucolytic compound. In some embodiments, the inhalation
solution contains muscarinic antagonist (such as glycopyr-
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rolate) a beta 2-adrenoceptor agonist and/or a corticosteroid
or non-steroidal anti-inflammatory.
Beta 2-Adrenoceptor Agonises

The stimulation of beta 2-adrenergic receptors stimulate
adenylate cyclase, resulting in an increased level of the
second messenger cCAMP that 1mn turn leads to decreased
intracellular calctum concentration and consequently
smooth muscle relaxation. Stimulation of certain beta 2-ad-
renoceptor receptors 1n particular causes hydrolysis of poly-
phosphoinositides and mobilization of mtracellular calctum
which results 1n a variety of calcium mediated responses
such as smooth muscle contraction. Consequently, inhibition
of this receptor activation prevents the intracellular calcium
increase and leads to smooth muscle relaxation.

Beta 2-adrenoceptor agonists can be long-acting or short-
acting. Long-acting beta 2-adrenoceptor agonists (LABAs)
have a therapeutic eflect lasting greater than about 6 hours.
Short-acting beta 2-adrenoceptor agonists (SABAs) have a
duration of therapeutic eflect of less than about 6 hours.

Compounds having beta 2-adrenoceptor agonist activity
with a long-acting or short-acting effect have been devel-
oped to treat respiratory conditions. Such compounds
include, but are not limited to, albuterol; bambuterol; bitoi-
terol; broxaterol; carbuterol; clenbuterol; 1buterol; sulfon-
terol; 1soproterenol; trimetoquinol; formoterol; destor-
moterol; hexoprcnaline; ibuterol; indaeaterol; i1soetharine;
1soprenaline; 1soproterenol; levalbuterol; metaproterenol;
picumeterol; pirbuterol; procaterol; reproterol; rimiterol;
salbutamol, salmeterol; sulfonterol; terbutaline; trimetoqui-
nol; tulobuterol; and TA-2005 (8-hydroxy-5-((1R)-1-hy-
droxy-2-(N-((1R)-2-(4-methoxyphenyl)-1-methylethyl )
amino)ethyl)-carbostyril hydrochloride); or a or a pharma-
ceutical acceptable derivative, salt, enantiomer, diasteri-
omer, or racemic mixtures thereof.

Formoterol 1s a long-acting beta 2-adrenoceptor com-
pound. The process of making formoterol 1s known by one
of skill in the art. Formoterol 1s derived from adrenaline and
1s used as a beta 2-adrenoceptor agonist 1n inhalation therapy
of respiratory diseases. Formoterol has been formulated as a
dry powder and administered via devices such as the Tur-
buhaler® and the Aerolizer®.

Formoterol 1s also available as a tablet and a dry syrup 1n
certain areas of the world (e.g., Atock®, marketed by
Yamanouchi Pharmaceutical Co. Ltd., Japan). Formoterol
administrations are also available 1n other areas (e.g., Europe
and U.S.) for propellant-based metered dose inhalers and dry
powder 1nhalers (e.g., Turbuhaler®, Aerolizer.® and Foradil
Aecrolizer®). None of these administrations are water based
solutions.

Commercial administrations of arformoterol tartrate (for-
moterol) are sold by Sepracor, Inc, (Marlborough, Mass.)
under the trade name Brovana®. Formoterol fumarate 1s
sold by several companies including AstraZeneca, Inc. (Lon-
don, England) under the trade name Symbicort®, Novartis
International AG (Basel, Switzerland) under the trade names
Foradir and Certihaler®, and Dey, L.P. (Napa, Calif.) under
the trade name Perforomist®.

Salmeterol 1s a long-acting beta 2-adrenoceptor com-
pound. The process for making salmeterol 1s known by a
person of ordinary skill in the art and 1s described 1n U.S.
Pat. No. 4,992,474, which 1s hereby incorporated by refer-
ence. Commercial administrations of salmeterol are sold by
GlaxoSmithKline, Inc. (Triangle Park, N.C.) under the trade
names Advair® and Serevent®.

Inhalation Solutions

The present invention relates to methods and inhalation
systems for the use of inhalation solutions 1n an inhalation
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device for the treatment or prophylaxis of a respiratory
condition 1n a patient, such as COPD, chronic bronchitis, or
emphysema. In some embodiments, the methods and 1nha-
lation systems comprise administering to the patient a nomi-
nal dose of one or more API, for example muscarinic
antagonist (optionally in combination with a beta 2-adreno-
ceptor agonist and/or a corticosteroid) 1n an aqueous 1nha-
lation solution with an inhalation device, e.g. a high efh-
ciency nebulizer, conventional nebulizer, and optionally a
conventional inhalation device.

In some embodiments, an aqueous inhalation solution
containing glycopyrrolate 1s administered with a high eth-
ciency nebulizer at a concentration greater than about 0.5
mg/mL. In some embodiments, an aqueous inhalation solu-
tion containing glycopyrrolate 1s administered with a high
clliciency nebulizer at a concentration of 0.05 mg/mL to
about 2.0 mg/mlL, at least about 0.05 mg/mlL, at least about
0.5 mg/mL, at least about 1.0 mg/mlL to about 2.0 mg/mlL,
at least about 0.25 mg/mlL., at least about 0.5 mg/mL., at least
about 1.0 mg/mL., at least about 1.5 mg/mlL, or at least about
2.0 mg/mL, Without wishing to be bound by theory, 1t is
believed that the higher concentration of muscarinic antago-
nist, for example glycopyrrolate, results 1n saturation and/or
targeting of a greater number of muscarinic receptors with
the muscarinic antagonist and/or targeting of the muscarinic
receptors with the muscarinic antagonist for a greater period
of time. In some embodiments, 1t 1s believed that adminis-
tration of a muscarinic antagonist, such as glycopyrrolate, at
a concentration of at least about 100 to about 300 ug/mlL will
result in greater duration and/or magnitude of therapeutic
cllect. Without wishing to be bound by theory, 1t 1s believed
that the higher concentration of muscarinic antagonist, for
example glycopyrrolate, coupled with the improved delivery
and/or lung distribution achievable with a high efliciency
nebulizer, results in saturation and/or targeting of a greater
number ol muscarinic receptors with the muscarinic antago-
nist and/or targeting of the muscarinic receptors with the
muscarinic antagonist for a greater period of time. In some
embodiments, 1t 1s believed that administration of a musca-
rinic antagonist, such as glycopyrrolate, 1n a nebulized form
having an MMAD of less than about 4 um and a GSD of less
than about 1.8, wherein the loaded dose has a concentration
greater than 0.25 mg/mlL, will result in greater duration
and/or magnitude of therapeutic effect. Without wishing to
be bound by theory, it 1s believed that this combination of
characteristics results 1n saturation and/or targeting of a
greater number of muscarinic receptors with the muscarinic
antagonist and/or targeting of the muscarinic receptors for a
greater period of time.

In some embodiments, the methods, devices and systems
employ an aqueous inhalation solution containing glycopy-
rrolate, at an administration of about 25 ug/dose to about 1
mg/dose, about 25 ug/dose to about 500 ug/dose, about 25
ug/dose to about 400 ng/dose, about 25 ng/dose to about 250
ug/dose, about 50 ug/dose to about 1 mg/dose, about 50
ug/dose to about 500 pg/dose, about 50 ug/dose to about 400
ug/dose, about 50 ug/dose to about 250 ng/dose, about 25
ug/dose to about 5 mg/dose, about 200 ug/dose to about 2
mg/dose, or about 250 ug/dose to about 1 mg per dose. In
some embodiments, the methods, devices and systems com-
prise a composition containing glycopyrrolate in an amount
of about 50 ug/dose to about 1 mg/dose, about 50 ug/dose to
about 0.5 mg/dose, about 50 pg/dose to about 250 ug/dose,
about 50 ug/dose to about 150 ug/dose, about 50 ug/dose to
about 125 ug/dose, about 50 ug/dose to about 100 ug/dose,
less than about 150 ug/dose, less than about 100 ug/dose,
equal to or less than about 80 ng/dose, 100 ng/dose to about
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5 mg/dose, about 200 ng/dose to about 2 tug/dose or about
250 pg/dose to about 1 mg per dose.

In some embodiments, the aqueous 1nhalation solution 1s
administered with an inhalation device, e.g. high efliciency
nebulizer, at a fill volume of about 0.1 to about 1.0 mL, e.g.
about 0.3 to about 0.7 mL.. In some embodiments, the fill
volume 1s less than about 0.5 mlL., at least about 0.5 mL, to
about 1.5 mL, at least about 0.25 mL or less, at least about
0.5 mL to about 1.5 mL, at least about 1.5 mL., or at least
about 2.0 mL. In some embodiments, the aqueous 1nhalation
solution 1s administered with an inhalation device, e.g. high
clliciency nebulizer, at a fill volume of at least about 0.25
mL to about 2.0 mL, about 0.5 mL to about 1.5 mL, about
0.5 mL to about 1.0 mL, about 0.5 mL or less, about 1 mL
or less, about 1.5 mL or less, or about 2.0 mL or less. In some
embodiments, the aqueous inhalation solution 1s adminis-
tered with an inhalation device, e.g. high efliciency nebu-
lizer, which provides for a residual volume of muscarinic
antagonist after administration of the muscarinic antagonist
of less than about 10%, less than about 5%, or less than
about 3% of the nominal dose.

In some embodiments, the aqueous 1nhalation solution 1s
administered 1n about 0.25 to about 10 minutes, about 0.50
to about 8 minutes, less than about 8, less than about 7, less
than about 6, less than about 3, less than about 4, less than
about 3, less than about 2, less than about 1.75 minutes, or
less than about 1.5 minutes. In some embodiments, the
aqueous 1nhalation solution 1s administered 1n about 3
minutes or less.

In some embodiments, a muscarinic antagonist 1s coO-
administered with a beta 2-adrenoceptor agonist in the
aqueous 1nhalation solution. In some embodiments, the beta
2-adrenoceptor agomist 1s a long-acting beta agonist
(LABA). In some embodiments, the beta 2-adrenoceptor
agonist 1s a short-acting beta agomist (SABA). In some
embodiments, the beta 2-adrenoceptor agonist i1s either a
SABA or a LAMA.

In some embodiments, the nominal, dose administered
with the high efliciency nebulizer 1s a muscarinic antagonist
(optionally 1n combination with a beta 2-adrenoceptor ago-
nist and/or corticosteroid or non-steroidal anti-intlamma-
tory) that 1s substantially free of preservative, such as benzyl
alcohol. In some embodiments, the nominal dose of mus-
carinic antagonist (optionally 1n combination with a beta
2-adrenoceptor agonist and/or corticosteroid or non-steroi-
dal anti-inflammatory) 1s 1 an inhalation solution that
further comprises at least one excipient or active pharma-
ceutical ingredient. In some embodiments, the excipient or
active imgredient 1s a member of the group consisting of
organic acid (such as a low molecular weight organic acid
like citric acid or ascorbic acid), an antioxidant (such as
EDTA), an osmolarity adjusting agent (such as a salt like
sodium chloride) or a pH bufler.

In some embodiments, the inhalation solution comprising,
the muscarinic antagonist(s) further comprises a corticos-
teroid, such as fluticasone, mometasone, beclomethasone,
triamcinolone, fluniolide, ciclesonide, or budesonide. In
some embodiments, the inhalation solution further com-
prises an excipient or an active pharmaceutical ingredient. In
some embodiments, the excipient or active pharmaceutical
ingredient 1s an organic acid (such as citric acid, ascorbic
acid, or both), pilocarpine, cevimeline, carboxymethylcel-
lulose, or a mucolytic compound.

Characterization ol Inhalation Devices

The efliciency of a particular inhalation device can be
measured 1 many different ways, including an analysis of
pharmacokinetic properties, measurement of lung deposi-
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tion (deposited lung dose), measurement of respirable dose
delivery rates (RDDR), a determination of output rates,
respirable fraction (RF), geometric standard deviation

(GSD), mass median aecrodynamic diameter (MMAD), and

mass median diameter (MMD) among others.

A person skilled 1n the art 1s knowledgeable of methods
and systems for examining a particular inhalation device.
One such system consists of a computer and a hollow
cylinder 1n a pump with a connecting piece to which an
inhalation device 1s to be connected. In the pump there 1s a
piston rod, which extends out of the hollow cylinder. A linear
drive unit can be activated 1n such a manner that one or more
breathing pattern will be simulated on the connecting piece
of the pump. In order to be able to carry out the evaluation
of the inhalation device, the computer 1s connected 1n an
advantageous configuration with a data transmission. With
the aid of the data transmission, the computer can be
connected with another computer with specific data banks,
in order to exchange the data of breathing patterns. In this
manner, a breathing pattern library which 1s as representa-
tive as possible can be very rapidly formed. U.S. Pat. No.
6,106,479 discloses this method for examiming an inhalation
device 1n more detail, and 1s hereby incorporated by refer-
ence 1n 1its entirety.

Pharmacokinetic Profile
Pharmacokinetics 1s concerned with the uptake, distribu-
tion, metabolism and excretion of a drug substance. A
pharmacokinetic profile comprises one or more biological
measurements designed to measure the absorption, distribu-
tion, metabolism and excretion of a drug substance. One
way ol visualizing a pharmacokinetic profile 1s by means of
a blood plasma concentration curve, which 1s a graph
depicting mean active igredient blood plasma concentra-
tion on the Y-axis and time (usually 1n hours) on the X-axis.
Some pharmacokinetic parameters that may be visualized by
means ol a blood plasma concentration curve include:

AUC ¢_p: The area under the curve from time zero to time

of last measurable concentration.

AUC 4, The total area under the curve.

C_ . The maximum plasma concentration in a patient.

T . The time to reach maximum plasma concentration

in a patient

T1/2: The elimination half life.

An enhanced pharmacokinetic profile 1n a patient can be
indicated by an increased AUC _,, AUC oy, C,, ., T1/2, 01
T _oran increased slope in the plasma concentration curve
within the first hour after treatment. Enhanced levels of a
pharmaceutical agent 1n the blood plasma of a patient may
result in one or more 1mproved symptoms of an airway
respiratory condition, e.g. COPD.

In some embodiments, a method or system described
herein provides at least about a two-fold enhancement in
pharmacokinetic profile, meaning that administration of an
active pharmaceutical ingredient (“API”—e.g. a muscarinic
antagonist, optionally 1n combination with a beta 2-adren-
ergic agonist) with a high ethciency nebulizer provides at
least about a two-fold increase 1n one or more of AUC,
AUC .y 0r C,, . as compared to the same or lower nominal
dose of API administered with a conventional nebulizer.

In some embodiments, a method or system described
herein provides at least about a two-fold enhancement in
pharmacokinetic profile, meaning that administration of an
active pharmaceutical ingredient (“API”—e.g. a muscarinic
antagonist, optionally in combination with a beta 2-adren-
ergic agonist) with a high ethiciency nebulizer provides at
least about a 1.8-fold increase 1 one or more of AUC
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AUC .0y, 0Or C, .. as compared to the same or lower
nominal dose of API administered with a conventional
nebulizer.

In some embodiments, a method or system described
herein provides at least about a two-fold enhancement in
pharmacokinetic profile, meaning that administration of an
active pharmaceutical ingredient (“API”—e.g. a muscarinic
antagonist, optionally in combination with a beta 2-adren-
ergic agonist) with a high ethiciency nebulizer provides at
least about a 1.5-fold increase 1n one or more of AUC, .,
AUC 4.0y 0r C,, . as compared to the same or lower nominal
dose of API administered with a conventional nebulizer.

In some embodiments, a method or system described
herein provides at least about a two-fold enhancement in
pharmacokinetic profile, meaning that administration of an
active pharmaceutical ingredient (“API”—e.g. a muscarinic
antagonist, optionally in combination with a beta 2-adren-
ergic agonist) with a high efliciency nebulizer provides a
comparable AUC,,,, AUC , .., or C,, . as compared to the
same or lower nominal dose of APl administered with a
conventional nebulizer.

Enhanced Therapeutic Effect

The assessment of therapeutic effect 1s known to those
skilled 1n the art, such as pulmonologists trained to recog-
nize the distinctions between various types of respiratory
illnesses, 1including chronic obstructive airway disease
(“COPD”) and asthma. Assessment of eflicacy may be
carried out by various methods known to the person skilled
in the art, and may include both objective and subjective
(patient-generated) measures ol eflicacy. Objective mea-
sures of eflicacy can be obtained inter aria by spirometry;
and subjective measures of eflicacy can be obtained for
example by employing one or more patient symptom ques-
tionnaires or surveys. In some embodiments, the methods
and systems herein are for treatment of COPD, and thus such
embodiments are discussed in further detail below. It 1s
considered that embodiments of the methods and symptoms
described herein. (including those employing administration
of muscarinic antagonist, optionally in combination with a
beta 2-adrenoceptor agonist and/or a corticosteroid, with a
high efliciency nebulizer or at a high concentration) will
provide superior etlicacy 1n treatment of COPD as compared
to treatment with conventional methods (such as those in
which muscarinic antagonist 1s administered with a conven-
tional nebulizer and/or at a lower concentration).

COPD FEflicacy Assessment

COPD 1s a progressive, chronic disease of the airways,
characterized by chronic inflammation and destruction of the
arrways and lung parenchyma, resulting 1n airflow obstruc-
tion. Thus, eflicacy 1n the treatment of COPD refers to the
ability to restore airflow to the patient. In some cases,
especially in older and immune-compromised patients,
COPD can be further characterized by exacerbations—
acute, often pathogen- or allergen-induced, degradation of
airtlow. There are several indicators (endpoints) of eflicacy
in the treatment of COPD. Some efficacy endpoints that are
used 1n COPD studies are set forth below. It 1s considered
that a muscarinic antagonist will demonstrate eflicacy in one
or more of these tests. In particular, it 1s considered that 1n
some embodiments a nominal dose of a muscarinic antago-
nist administered with a high efliciency nebulizer will out-
perform substantially the same or higher nominal dose of
muscarinic antagonist administered with a conventional
nebulizer, as determined by one or more of these endpoints.

Pulmonary function tests: Pulmonary function testing by
spirometry 1s a useful way to assess airtflow obstruction and,
therefore, 1s a useful way to assess the eflicacy of COPD
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treatment as well as to compare the relative merits of
different COPD ftreatments e.g. administration of different
dosages of active pharmaceutical ingredient (“API”), admin-
istration of substantially the same dosages of API with
different delivery devices, or administration of different
dosages of API with different delivery devices. Forced
expiratory volume in one second (FEV,) obtained from
typical spirometry 1s commonly used as an eflicacy endpoint
because FEV, 1s a reflection of the extent of airway obstruc-
tion. Spirometry 1s also well-standardized, 1s easy to perform
and provides consistent, reproducible results across different
pulmonary function laboratories. Air-trapping and hyperin-
flation are common features i COPD, particularly 1n
emphysema, and are reflected in parameters of lung function
testing, such as an elevation 1n the residual volume to total
lung capacity ratio (RV/TLC). Hyperinflation 1s believed to
be responsible, at least 1n part, for the sense of dyspnea.

Outcome Measures can also be used, alone or preferably
in combination with one or more objective tests, to deter-
mine ethicacy of COPD therapy.

Exacerbation: The progressive course of COPD 1s often
aggravated by periods of exacerbations generally defined as
increased symptoms, particularly increasing cough, dyspnea
and production of sputum over baseline that usually requires
change 1n treatment. Exacerbations are mostly caused by
bronchial infections and are the most frequent cause of
medical visits, hospital admissions and death in patients
with COPD. One of the main objectives of COPD treatment
1s to reduce the frequency and severity of exacerbations and
the frequency of hospitalizations and duration of hospital
stay. The characteristics, including the limitations, of these
tests will be known to those skilled 1n the art.

Exercise capacity: Reduced capacity for exercise 1s a
typical consequence of airflow obstruction mm COPD
patients, particularly because of dynamic hyperinilation
occurring during exercise. Exercise testing provides useful
assessment of the degree of lung impairment, prognosis and
the eflects of treatments. Assessment of exercise capacity by
treadmill or cycle ergometry combined with lung volume
assessment 1s 1n some cases a tool to assess eflicacy of a
COPD drug. Alternative assessments of exercise capacity,
such as the Six Minute Walk or Shuttle Walk, can also be
used 1n some cases. The characteristics, including the limi-
tations, of these tests will be known to those skilled in the
art.

Symptom Scores: Symptom scores determined by asking
patients to evaluate specific symptoms on a categorical,
visual or numerical scale can be a simple way to assess
ellicacy of a drug based on the patient’s own assessment of
health status. Symptom scores can be valuable for assessing,
ellicacy of a drug specifically aimed at relieving a symptom.
In clinical programs aimed at other aspects of COPD,
patient-reported symptom scores can be useful in assessing,
secondary eflects of the therapy and may provide important
additional evidence of eflicacy. The characteristics, includ-
ing the limitations, of these tests will be known to those
skilled 1n the art.

Activity Scales: Activity scales provide an assessment of
the patient’s severity ol breathlessness and how activities of
daily living influence the patient’s breathlessness. Activity
scales such as the Medical Research Council dyspnea score,
the Borg Scale, and the Mahler Baseline Dyspnea Index/
Transitional Dyspnea Index, can be used 1n some cases as
supportive evidence of eflicacy. These scales are relatively
simple to administer. The characteristics, including the limai-
tations, of these tests will be known to those skilled in the
art.
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Health-related, quality-of-life instruments: Health-related
quality of life measurement provides a standardized assess-
ment of the impact of the disease on patients’ daily lives,
activity and well-being. Health-related quality-oi-life instru-
ments, such as the St. George’s Respiratory (Questionnaire
and the Chronic Respiratory Questionnaire, are designed to
systematically assess many diflerent aspects of the effect of
COPD on a patient’s life. These instruments can be used to
assess eflicacy of a drug. These mstruments are multidimen-
sional and assess various eflects of the disease on a patient’s
life and health status. The characteristics, including the
limitations, of these tests will be known to those skilled 1n
the art.

Further information regarding testing drugs for eflicacy in
the treatment of COPD can be found in the United States
Food and Drug Administration’s guidance document
entitled: “Guidance for Industry: Chronic Obstructive Pul-
monary Disease: Developing Drugs for Treatment,” Novem-
ber, 2007, which 1s available from www.ida.gov/cder/guid-
ance/imdex.htm.

A muscarinic antagonist 1s said to have a therapeutic effect
in the treatment of COPD (at a relevant time point) when 1t
causes an increase 1n one or more measures ol pulmonary
function to a predetermined percentage above baseline. In
some embodiments, the predetermined percentage above

baseline 1s about 5%, about 10%, about 15%, about 20%, or
about 25%. In some specific embodiments, a muscarinic

[

antagonist will be considered to have a therapeutic eflect
when 1t raises one or more of the above-mentioned spirom-
etry measurements (e.g. FEV,) at least about 15% above
baseline. In general, an improvement 1n pulmonary function

(e.g. FEV ) of 100 mL or 10% above baseline 1s considered

clinically relevant; and an improvement 1n pulmonary func-
tion above baseline of 100 mL or 10% above baseline at 24
hours post dosing 1s considered clinically relevant for a CSI)
(1x daily dosing) drug.

Spirometry 1s the measurement of respiration, which 1s
generally conducted by a physician with the aid of a spirom-
cter. Spirometers measure mspired and expired airtlow for
the purpose of assessing pulmonary ventilatory function.

Spirometry 1s the most common pulmonary function test
measuring lung function. Typical spirometers display vol-
ume-time curves (showing volume on the Y-axis and time,
usually 1n seconds, on the X-axis) and optionally a tlow-
volume curves (showing rate of flow on the Y-axis and the
total volume 1nspired/expired on the X-axis). U.S. Pat. No.
7,291,115 discloses a spirometer and method to measure the
ventilatory function by spirometry, and i1s hereby incorpo-
rated by reference in 1ts entirety. Methods of using a
spirometer are familiar to those skill in the art.
Relevant parameters measured by spirometers include:

FEV1 (or FEV,): Forced Expiratory Volume in 1 Second,
which 1s the maximum volume of air exhaled during
the first second of maximum effort from a maximum
inhalation. It 1s expressed in units of volume (e.g. liters
(L)), especially as volume change from baseline or
placebo, and/or 1n percentage change in FEV, from
baseline or placebo. It becomes altered in cases of
bronchial obstruction and 1t 1s fundamental for diag-
nosing and momnitoring obstructive diseases, e.g.
COPD.

Change 1n FEV,: Change 1n FEV, may be calculated as
the difference between the FEV, value measured after
dosing and the FEV, measured immediately prior to
dosing. Change in FEV, may also be measured 1n

-
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reference to a placebo. These values may be expressed
in absolute terms or 1n terms of percent change from
baseline or placebo.

EV, AUC: This 1s the area between the FEV1 measure-

ments vs. time curve (relative to baseline and/or pla-
cebo) over a time course. In some embodiments, the
time course 15 a predetermined period, such as 12 hr.,
18 hr., 24 hr., 30 hr., or 36 hr. FEV ,AUC (e.g. relative
to baseline and/or placebo) may be measured from one
time point to another. Some clinically relevant time
courses nclude 0-12 hr, 0-24 hr, 12-24 hr after dose
administration. In the context of 24 hour eflicacy for
QD dosing, the FEV, AUC(12-24 hr) (baseline- and/or
placebo-adjusted FEV, area under the curve (AUC)
from 12 to 24 hours after administration of the mus-
carinic antagonist to the patient) 1s particularly rel-
evant. In some embodiments, an FEV ,AUC(12-24 hr)
of at least 0.5 L-hr for imhaled glycopyrrolate is
required to achieve prolonged duration of bronchodi-
lation over 24 hours. In some embodiments, an
FEV ,AUC(12-24 hr) of greater than 40% of the
FEV ,AUC(0-12 hr) for 1inhaled glycopyrrolate 1is
required to achieve prolonged duration of bronchodi-
lation over 24 hours.

Mean FEV,: This 1s the mean FEV, between two time

points, calculated by dividing the FEV,AUC,_,
(wherein t, 1s the starting time and t, 1s the ending time
for the relevant time course) by the diflerence between
t, and t,. Some clinically relevant time courses for
Mean FEV, include 0-12 hr, 0-24 hr, 12-24 hr, after
dose administration. In the context of 24 hour eflicacy
for QD dosing, the Mean FEV, (12-24) (placebo-
adjusted Mean FEV, from 12 to 24 hours after the
muscarinic antagonist to the patient) 1s particularly
relevant.

Trough FEV ,: This 1s the FEV, value measured just prior

to administration of the drug (e.g. just prior to the next
administration of the drug). In some cases, the trough
FEV, 1s obtained 1n the morning, just prior to admin-
istration of the drug. In some embodiments, the change
in trough FEV, 1s the difference between the trough
FEV, for the drug and the trough FEV, for a placebo,
alter a period of time. In general, for a once daily (QD)
bronchodilator drug, trough FEV, (at 24 hours post-
dosing and, prior to administration of the next dose) 1s
considered the clinically relevant endpoint. In some
embodiments, the change 1n the trough. FEV, 1s mea-
sured over a predetermined time course, such as 1 wk,

2 wk, 4 wk or 12 wk.

FVC: Forced Vital Capacity, which 1s the maximal vol-

= T

EF,. --: Forced

EF,. -,: Forced

ume of air exhaled with maximal effort from a position
of maximal inhalation. It 1s expressed 1n liters and 1n
percentage of a patient’s reference value from baseline,

EV,/FVC: The quotient of FEV, and PVC.
EF: Peak E

Expiratory Flow, which 1s the highest expira-
tory flow achieved with maximal effort from a position
of maximal inspiration. This 1s essentially the speed of
the air moving out of the lungs of a patient at the
beginning of expiration. It 1s expressed 1n liters/second
or in liters/minute.

Expiratory Flow from 25% to 75% on
the tflow-volume curve, which i1s the average flow (or
speed) of air coming out of the lung during the middle
portion ol expiration.

Expiratory Flow from 25% to 50% on
the flow-volume curve, which 1s another measure of the
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average tlow (or speed) of air coming out of the lung
during the 1nitial portion of expiration.

FIF,. -<: Forced Inspiratory Flow from 25% to 75% on
the flow-volume curve, which 1s the average tlow (or
speed) of air entering the lung during the middle
portion ol inspiration.

FIF,. ., Forced Inspiratory Flow from 25% to 50% on
the flow-volume curve, which 1s another measure of the
average tlow (or speed) of air entering the lung during
the 1mnitial portion of mspiration.

An enhanced therapeutic effect can include an increased
magnitude of therapeutic eflect, an enhanced duration of
therapeutic eflect, an enhanced time to onset of therapeutlc
cllect, a shorter time to maximum therapeutic eflect or a
greater magnitude of therapeutic eflect. In some embodi-
ments described herein, an enhanced therapeutic eflect
relates to the increased ability of a pharmaceutical agent to
relieve the symptoms of an airway respiratory disorder, e€.g.
COPD, Thus, an enhanced therapeutic eflect may be deter-
mined by comparing values of change in FEV, (1.e. change
in FEV, from baseline or compared to a placebo). % change
in FEV, (1.e. percent change in FEV, from baseline or
compared to placebo), FEV, AUC, trough FEV,, FEV /
FVC, PEF, FEF,. ., FEF, . ., FIF, . ., FIF,. ., obtained
from a patient or patient population 1n one therapeutic milieu
versus another anther therapeutic milieu. For example, an
enhanced therapeutic effect may be determined by compar-
ing FEV, values for a patient or patient population treated
with a muscarinic antagonist administered with a high
ciliciency nebulizer against the same drug administered with
a conventional nebulizer. In another example, an enhanced
therapeutic eflect may be determined by comparing FEV,
values for a patient or patient population treated with a
muscarinic antagonist administered at a high concentration
against the same drug administered at a low concentration.
In some cases, an enhanced therapeutic eflect may be
determined by comparing FEV, values for a patient or
patient population treated with a muscarinic antagonist
administered with a high efliciency nebulizer against a
muscarinic antagonist alone administered with a conven-
tional nebulizer. In another example, an enhanced therapeu-
tic eflect may be determined by comparing FEV, values for
a patient or patient population treated with a muscarinic
antagonist administered at a high concentration against a
muscarinic antagonist alone administered at a low concen-
tration. In some embodiments, the enhanced therapeutic
ellect 1s an increased magnitude of therapeutic eflect. In
some embodiments, the increased magnitude of therapeutic
eflect 1s an increase 1n the peak FEV, obtained with a high
elliciency nebulizer versus the peak FEV, obtained with a
conventional nebulizer. In some embodiments, the peak
FEV, obtained with a high efliciency nebulizer 1s at least
about 10%, 13%, 20%, or 30% above that obtained with a
conventional nebulizer. In some embodiments, the peak
FEV, obtained with a high efliciency nebulizer 1s at least
about 25 mL, 50 mL, or 100 mL above that obtained with a
conventional nebulizer. In some embodiments, the increased
magnitude of therapeutic eflect 1s an increase 1n the mean
FEV, obtained with a high efliciency nebulizer versus the
mean FEV, obtained with a conventional nebulizer. In some
embodlments the mean FEV, obtained with a high efli-
C1ency nebuhzer 15 at least about 3%, 10%, or 15% above
that obtained with a conventional nebulizer In some
embodiments, the mean FEV, obtained with a ligh efhi-
ciency nebulizer 1s at least about S0 mL, 100 mL, or 150 mL
above that obtained with a conventional nebulizer. In some

[

embodiments, the increased magnitude of therapeutic effect
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1s an increase in the AUC for the FEV, versus time curve
obtained with a high efliciency nebulizer versus the AUC for
the FEV, versus time curve obtained with a conventional
nebulizer. In some embodiments, the increase in AUC of the
FEV, versus time curve obtained with a high efliciency
nebulizer 1s at least about 50%, 75% or 100% above that
obtained with a conventional nebulizer.

In some embodiments, the method or system (e.g. mus-
carinic antagonist, optionally in combination with a beta
2-adrenergic agomnist, administered at a high concentration
and/or with a high efhiciency nebulizer) provides an
enhanced duration of therapeutic eflect, as determined by the
amount ol time that a spirometric parameter (e.g. FEV,,
trough FEV,) 1s above a predetermined threshold after
therapy 1s administered. In some embodiments, the prede-
termined threshold 1s at least about 5% above baseline, at
least about 10% above baseline, at least about 15% above
baseline, at least about 20% above baseline, at least about
25% above baseline. In some specific embodiments, the
threshold 1s about 15% above baseline. In some specific
embodiments, the threshold 1s about 10% above baseline. In
some embodiments, the threshold 1s 50 mL., 100 mL, 150
ml or more than about 150 mL above baseline. In some
specific embodiments, the threshold 1s about 100 mL above
baseline. Baseline can be determined by either a one-time
reference to the spirometric parameter (e.g. FEV, ) immedi-
ately prior to administration of API, or by reference to the
spirometric parameter level at several time periods during
the study following administration of placebo to a predeter-
mined set of patients. In some embodiments, baseline 1s
determined based on the level of spirometric parameter (e.g.
FEV,) immediately prior to administration to the patient of
muscarinic antagonist administered at a high concentration
and/or with a high efliciency nebulizer. In some embodi-
ments, baseline 1s determined by reference to the level of
spirometric parameter (e.g. FEV,) at several time periods
(c.g., 12 hours, 24 hours) during evaluation of certain
patients following placebo administration, with the simul-
taneous evaluation of other patients adminmistered a musca-
rinic antagonist administered at a high concentration and/or
with a high efliciency nebulizer.

In some embodiments, a duration of therapeutic efiect 1s
the period during which FEV, 1s at least about 5% above
baseline, at least about 10% above baseline, at least about
15% above baseline, at least about 20% above baseline, at
least about 25% above baseline. In some specific embodi-
ments, the duration of therapeutic eflect 1s the amount of
time that the FEV, 1s at least 15% above baseline. In some
specific embodiments, the duration of therapeutic eflect 1s
the amount of time that the FEN) 1s at least 10% above
baseline. In some specific embodiments, the duration of
therapeutic eflect 1s the amount of time that the FEV, 1s at
least 50 mL., 100 mL, or 150 mL above baseline. In some
embodiments, a duration of therapeutic effect 1s the period
during which FEV /FVC 1s at least about 5% above base-
line, at least about 10% above baseline, at least about 15%
above baseline, at least about 20% above baseline, at least
about 25% above baseline. In some embodiments, the dura-
tion of therapeutic effect 1s the amount of time that the
FEV ,/FVC 1s at least 15% above baseline. In some embodi-
ments, a duration of therapeutic eflect 1s the period during
which PEF 1s at least about 5% above baseline, at least about
10% above baseline, at least about 15% above baseline, at
least about 20% above baseline, at least about 25% above
baseline. In some embodiments, the duration of therapeutic
ellect 1s the amount of time that the PEF 1s at least 15%
above baseline. In some embodiments, a duration of thera-
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peutic eflect 1s the period during which FEF, . . 1s at least
about 5% above baseline, at least about 10% above baseline,
at least about 15% above baseline, at least about 20% above
baseline, at least about 25% above baseline. In some
embodiments, the duration of therapeutic effect i1s the
amount of time that the FEF,. . 1s at least 15% above
baseline. In some embodiments, a duration of therapeutic
ellect 1s the period during which FEF,. ., 1s at least about
5% above baseline, at least about 10% above baseline, at
least about 15% above baseline, at least about 20% above
baseline, at least about 25% above baseline. In some
embodiments, the duration of therapeutic effect i1s the
amount of time that the FEF,. ., 1s at least 15% above
baseline. In some embodiments, a duration of therapeutic
ellect 1s the period during which FIF, .- - 1s at least about 5%
above baseline, at least about 10% above baseline, at least
about 15% above baseline, at least about 20% above base-
line, at least about 25% above baseline. In some embodi-
ments, the duration of therapeutic eflect 1s the amount of
time that the FIF, . - 1s at least 15% above baseline. In some
embodiments, a duration of therapeutic effect 1s the period
during which FIF, . ., 1s at least about 5% above baseline, at
least about 10% above baseline, at least about 15% above
baseline, at least about 20% above baseline, at least about
25% above baseline. In some embodiments, the duration of
therapeutic eflect 1s the amount of time that the FIF,._ ., 1s
at least 15% above baseline.

A significantly greater, or greater, duration of therapeutic
ellect, indicates that the method or system (e.g. a high
clliciency nebulizer-administered muscarinic antagonist)
provides an increased period of time the spirometric param-
cter 1s above a predetermined threshold of about 5% above
baseline, about 10% above baseline, about 15% above
baseline, about 20% above baseline, about 25% above
baseline, especially about 15% above baseline, for one or
more of the spirometric parameters compared to the same
spirometric parameter obtained with substantially the same
nominal dose of drug administered with a different inhala-
tion device, e.g. a conventional nebulizer. In some embodi-
ments, the threshold for the spirometric parameter (e.g.
FEV,, or trough FEV ) 1s 50 mL, 100 mL, 150 mL or more
than about 150 mL above baseline. In some specific embodi-
ments, the threshold 1s about 100 ml. above baseline.

“About the same” duration of therapeutic eflect means
that the method or system (e.g. a high efliciency nebulizer-
administered muscarinic antagonist, optionally in combina-
tion with a beta 2-adrenergic agonist) provides substantially
the same period of time that the spirometric parameter 1s
above a predetermined threshold of about 5% above base-
line, about 10% above baseline, about 15% above baseline,
about 20% above baseline, about 25% above baseline, or
especially about 15% above baseline, for one or more of the
above spirometric parameters compared to the same spiro-
metric parameter obtained with a substantially greater nomi-
nal dose of the muscarinic antagonist administered with a
different inhalation device, e.g. conventional nebulizer (ret-
erence administration).

In some embodiments, an inhalation solution described
herein (e.g. a muscarinic antagonist inhalation solution
administered with a high efficiency nebulizer and/or at a

[

high concentration) provides a duration of therapeutic efect
of at least about 12 hr, about 12 hr to about 24 hr, about 18
hr to about 24 hr. about 20 hr to about 24 hr, or at least about
24 hr, 1n some embodiments.

A time to onset of therapeutic eflect 1s the time for the
spirometric parameter to reach a predetermined threshold of
about 5% above baseline, about 10% above baseline, about
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15% above baseline, about 20% above baseline, or about
25% above baseline, especially about 15% above baseline
for one or more of the spirometric parameters of a musca-
rinic antagonist administered with an inhalation device. An
enhanced time to onset of therapeutic effect relates to the
increased ability of a pharmaceutical agent to relieve the
symptoms of an airway respiratory disorder, e.g. COM. The
enhanced time to onset of therapeutic eflect may be a
measure of the FEV,, FEV,/FVC, PEF, FEF,. .., FEF, . .,
FIF,. -, FIF,._ ., levels.

A significantly shorter, or shorter, time to onset of thera-
peutic eflect, 1n some embodiments, means that the method
or system (a muscarinic antagonist inhalation solution
administered with a high etliciency nebulizer and/or at a
high concentration) provides for a shortened period of time
for one or more spirometric parameters (e.g., FEV,) to reach
a predetermined threshold of about 3% above baseline,
about 10% above baseline, about 15% above baseline, about
20% above baseline, or about 25% above baseline, espe-
cially about 15% above baseline, for one or more of the
spirometric parameters compared to the same spirometric
parameter(s) obtained with substantially the same nominal
dose of the drug solution administered with a different
inhalation device, e.g. a conventional nebulizer and/or at a
lower concentration. In other embodiments, ‘“about the
same’” time to onset of therapeutic eflect means the method
or system (e.g. administration of a muscarinic antagonist
with a high efliciency nebulizer and/or at a high concentra-
tion) provides for substantially the same period of time for
the spirometric parameter to reach a predetermined thresh-
old of about 5% above baseline, about 10% above baseline,
about 15% above baseline, or about 20% above baseline for
one or more ol the spirometric parameters compared to the
same spirometric parameter obtained with a substantially
greater nominal of the dose the drug solution administered
with a different inhalation device, e.g. a conventional nebu-
lizer.

An 1nhalation solution that provides an onset of therapeu-
tic eflect of less than about 30 minutes, less than about 25
minutes, less than about 20 minutes, less than about 15
minutes, or less than about 10 minutes, 1n some embodi-
ments, refers to an amount of time for the spirometric
parameter to reach a predetermined threshold of about 5%
above baseline, about 10% above baseline, about 15% above
baseline, or about 20% above baseline.

In some embodiments, the methods or systems are pro-
vided for the treatment of acute exacerbations of chronic
obstructive pulmonary disease (AECOPD), chronic bron-
chitis, and/or emphysema 1n a patient, comprising adminis-
tering to the patient a nominal dose of a muscarinic antago-
nist, optionally in combination with a long-acting or short-
acting beta 2 agonist, with a high efliciency nebulizer to
provide a rapid onset of therapeutic eflect and a long
duration of therapeutic effect. In some embodiments, the
rapid onset of therapeutic effect 1s less than about 30
minutes, less than about 25 minutes, less than about 20
minutes, less than about 15 minutes or less than about 10
minutes. In some embodiments, the long duration of thera-
peutic ellect 1s at least about 12 hr to about 24 hr, about 18
hr to about 24 hr, about 20 hr to about 24 hr or at least about
24 hr.

A time to maximum therapeutic effect means the amount
of time for a preselected spirometric parameter to reach 1ts
peak level. In some embodiments, an enhanced time to
maximum therapeutic effect means that administration of a
muscarinic antagonist with a high efliciency nebulizer, at a
high concentration or both, results 1n a faster time to
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maximum therapeutic eflect than would a dose of the
muscarinic antagonist administered with a conventional
nebulizer or at a lower concentration. The parameters used

to determine an enhanced time to maximum therapeutic
cllect may be one or more of FEV,, FEV,/FVC, PEF,

FEF,5 75, FEF 5 50, FIF,5 75, or FIF 5 56,

Reduction 1n Adverse Side Eflects

Conventional COPD therapy employing a muscarinic
antagonist with a conventional nebulizer often results 1n
deposition of pharmaceutically active ingredient in sections
distinct from the lung, e¢.g., mouth, throat, stomach, and/or
esophagus. This results 1n antagonism of muscarinic recep-
tors on peripheral systems other than the lung, for example
in salivary glands, stomach, heart, and/or CNS and else-
where. Therelfore the tolerated doses of systemically active
muscarinic antagonists, such as glycopyrrolate, are limited
by side-effects such as, but not limited to, xerostomia (dry
mouth), urinary hesitancy and retention, blurred wvision,
tachycardia, dizziness, insomnia, impotence, mental confu-
sion, excitement, headache, anxiety, hypotension and/or
palpitations.

In the present invention, the bronchodilation and other
beneficial actions of a muscarinic antagonist are produced
by an inhaled agent providing for a high therapeutic index
for activity in the lung, 1.e. lung deposition, compared with
deposition of muscarinic antagonist in non-pulmonary
regions, 1.¢. periphery compartments, mouth and pharynx.
The present invention further provides for an inhalable
muscarinic antagonist with low bioavailability 1n areas
within a patient other than the lung (e.g. systemic bioavail-
ability, local oropharyngeal or gastric regions), resulting 1n
a decreased incidence and/or severity of systemic and/or
local toxicity and/or side effects. A practitioner of ordinary
skill can quantily a reduction i1n adverse side eflects by
measuring the imcidence and/or severity of systemic and/or
local toxicity and/or side eflects 1n a given patient or patient
population.

A reduced, or decreased, incidence or severity of systemic
and/or local toxicity and/or side effects means that the
method or system (e.g. muscarinic antagonist, optionally in
combination with a beta 2-adrenoceptor agonist, adminis-
tered with a high efliciency nebulizer and/or at a high
concentration) provides a decreased incidence and/or sever-
ity of systemic and/or local toxicity and/or side efects (for
example dry mouth) in a given patient or patient population
compared to a given reference therapy. In some embodi-
ments, the reference therapy i1s administration of a musca-
rinic antagonist with a conventional nebulizer. Some
embodiments provide a method for the treatment of COPD
in a patient, comprising administering to the patient a
nominal dose of muscarinic antagonist which, when admin-
istered with a high efliciency nebulizer, provides a calcu-
lated respirable dose of a muscarinic antagonist with a high
eiliciency nebulizer, wherein the calculated respirable dose
of the muscarinic antagonist administered with the high
elliciency nebulizer demonstrates a decreased incidence
and/or severity ol systemic and/or local toxicity and/or side
cllects 1n the patient as compared to a nominal dose that
achieves substantially the same calculated respirable dose of
the muscarinic antagonist administered with a conventional
nebulizer. Some embodiments provide a method for the
treatment of COPD 1n a patient, comprising administering to
the patient a nominal dose of muscarinic antagonist which,
when administered with a high efliciency nebulizer, provides
a deposited lung dose of a muscarinic antagonist with a high
elliciency nebulizer, wherein the deposited lung dose of the
muscarinic antagonist administered with the high efliciency
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nebulizer demonstrates a decreased incidence and/or sever-
ity of systemic and/or local toxicity and/or side eflects in the
patient as compared to a nominal dose that achieves sub-
stantially the same deposited lung dose of the muscarinic
antagonist administered with a conventional nebulizer.
Some embodiments provide a system for performing the
foregoing methods.

In some embodiments, the method or system (e.g. admin-
istration of a muscarinic antagonist with a high efliciency
nebulizer and/or at a high concentration) provides a method
and/or 1inhalation system for administration of a muscarinic
antagonist 1n a volume of about 0.5 mL or less, 1 mL or less,
1.5 mL or less, or 2.0 mL or less and wherein the muscarinic
antagonist demonstrates less incidence and/or severity of
systemic and/or local toxicity and/or side eflects (for
example dry mouth) 1n the patient as compared to substan-
tially the same nominal dose of the muscarinic antagonist
administered 1n a substantially higher volume of solution.

In some embodiments, the method or system (e.g. mus-
carinic antagonist with a high efliciency nebulizer and/or at
a high concentration) provides for methods and inhalation
systems for reducing at least one side eflect of the musca-
rinic antagonist and providing a duration of therapeutic
eflect of at least about 12 hr, about 12 hr to about 24 hr, about
18 hr to about 24 hr, about 20 hr to about 24 hr, or at least
about 24 hours. In some embodiments, the method or system
(c.g. administration of a muscarinic antagonist with a high
elliciency nebulizer and/or at a high concentration) provides
for co-administration of other drugs and optionally excipi-
ents, for example an organic acid, such as ascorbic acid,
citric acid or a mixture of both, pilocarpine, cevimeline or
carboxymethylcellulose, or a mucolytic compound.

Enhanced Lung Deposition

Muscarinic receptors and beta 2-adrenoceptors are widely
distributed throughout the body. The ability to apply these
active pharmaceutical agents (APIs) locally to the respira-
tory tract with suflicient lung deposition i1s particularly
advantageous, as 1t would allow for administration of lower
doses of the drug fostering increased patient compliance

The principle advantage of administration of a nebulized
API solution with a high efliciency nebulizer over other
methods of pulmonary delivery of APIs 1s that the methods
and systems described herein offer more eflicient delivery of
higher doses of APl compared to conventional inhalation
methods and systems, resulting in greater eflicacy and a
reduced 1incidence and optionally a severity of side eflects in
the patient. A more eflicient delivery of API 1s evidenced by
direct delivery and deposition of an API to the site of action,
1.¢. the lung (as used herein, “lung” refers to either or both
the right and left lung organs). It can be assumed that
substantially all of an API delivered at the receptor site 1n the
lungs will be absorbed into the blood plasma of the patient.
In embodiments of the invention, the API 1s a muscarinic
antagonist (optionally 1n combination with a beta 2-adreno-
ceptor agonist), such as glycopyrronium bromide (glycopy-
rrolate).

The deposited dose may be expressed in terms of lung
deposition. A lung deposition of 30% means 30% of the
active ingredient in the inhalation device just prior to
administration 1s deposited in the lung. Likewise, a lung
deposition of 60% means 60% of the active mngredient 1n the
inhalation device just prior to administration i1s deposited 1n
the lung, and so forth. Lung deposition (deposited lung dose)
can be determined using methods of scintigraphy or decon-
volution. In some embodiments, the present invention pro-
vides for methods and inhalation systems for the treatment
or prophylaxis of a respiratory condition 1n a patient, com-
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prising administering to the patient a nominal dose of a
muscarinic antagonist solution with a high efliciency nebu-
lizer wherein administration of the muscarinic antagonist
with the mhalation device provides lung deposition (depos-
ited lung dose) of the muscarinic antagonist of at least about
30%, at least about 35%, at least about 40%, at least about
45%, at least about 50%, at least about 55%, at least about
60%, about 30% to about 60%, about 30% to about 55%,
about 30% to about 50%, about 30% to about 40%, about
30% to about 90%, about 40% to about 80%, about 50% to
about 60%, or about 60% to about 70% based on the nominal
dose of the muscarinic antagonist. In some embodiments,
the present invention provides for methods and inhalation
systems for the treatment or prophylaxis of a respiratory
condition 1 a patient, comprising administering to the
patient a nominal dose of a muscarinic antagonist in an
aqueous 1nhalation solution with an 1inhalation device
wherein administration of the muscarinic antagonist with the
inhalation device provides lung deposition (deposited lung

dose) of the muscarinic antagonist of at least about 15%, at
least about 20%, at least about 25%, at least about 30%, at
least about 35%, at least about 40%, at least about 45%, at
least about 50%, at least about 55%, at least about 60%,
about 20% to about 40%, about 25% to about 35%, about
25% to about 30%, about 35% to about 90%, about 40% to
about 80%, about 50% to about 60%, or about 60% to about
70% based on the nominal dose of the muscarinic antago-
nist.

Aerosol particle/droplet size 1s one of the most important
factors determining the deposition of aerosol drugs in the
airways. The portion of an aerosol that has the highest
probability of bypassing the upper airway and depositing in
the lung measure between 1 and 5 um. Particles larger than
this are generally deposited in the oropharyngeal region and
are swallowed, while sub-micron particles do not carry
much drug and may be exhaled before deposition takes place
or are absorbed systemically. Smaller particles tend to
deposit more peripherally 1n the lung than coarser particles,
which may lead to a different clinical response. Conse-
quently, differences in particle size of the aerosol emitted
from 1nhalation devices may account for some of the vari-
ability 1n therapeutic eflicacy and safety. Measurement of
particle size, therefore, has an important role 1n guiding
product development and 1n quality control of the marketed
product.

The distribution of aerosol particle/droplet size can be
expressed 1n terms of either or both of:

The Mass Median Aerodynamic Diameter (MMAD) and
the Geometric Standard Deviation (GSD), wherein the
MMAD 1s the droplet size at which half of the mass of
the aerosol 1s contained 1n smaller droplets and half n
larger droplets and the GSD i1s the geometric standard
deviation of the particle population. While MMAD 1s
most often determined by a cascade impactor appara-
tus, the mass median diameter (MMD) 1s most oiten
measured by laser diffraction and can be used as a
surrogate for the MMAD value.

The Fine Particle Fraction (FPF), which 1s the fraction of
particles (which may be expressed as a percentage) that
are <5 um 1n diameter.

These measures have been used for comparisons of the 1n
vitro performance of diflerent inhaler device and drug
combinations. In general, the higher the fine particle frac-
tion; the higher the proportion of the emitted dose that 1s
likely to reach the lung.

There are two main methods used to measure aerosol
deposition 1n the lungs. First, y-scintigraphy is performed by
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radiolabeling the drug with a substance like 99 m-techne-
tium, and scanning the subject after inhalation of the drug.
This technique has the advantage of being able to quantily
the proportion of aerosol inhaled by the patient, as well as
regional distribution 1n the upper airway and lungs. Second,
since most of the drug deposited 1n the lower airways will be
absorbed 1nto the bloodstream, pharmacokinetic techniques
are used to measure lung deposition (deposited lung dose).
This technique can assess the total amount of drug that
interacts with the airrway epithelium and 1s absorbed sys-
temically, but will miss the small portion that may be
expectorated or swallowed after mucocilhiary clearance, and
cannot tell us about regional distribution. Therefore, v-scin-
tigraphy and pharmacokinetic studies are in many cases
considered complementary.

The relationship between pulmonary dep081t1011 of
inhaled B2-ag0m8ts and therapeutic eflect 1s now well-
established, since the immediate effects of these agents on
the airways are relatively easy to measure. As the pulmonary
dose response curve for the p2-agonists 1s sigmoidal (1.e. an
initial slope followed by a plateau), increasing the dose
deposited 1n the lung will elicit an increased therapeutic
cllect only 1f the 1mitial dose was on the rising slope of the
dose response curve.

Lung deposition of a particular drug 1s influenced by the
mass of drug contained in the nebulized droplets adminis-
tered to a patient with a particular Mass Median Aerody-
namic Diameter (MMAD) and Geometric Standard Devia-
tion (GSD). In general, there 1s an nverse relationship
between the average MMAD and GSD of a particular
nebulizer’s emitted droplets and deposition of the droplets in
a patient’s lung. A smaller MMAD results in an increased
likelihood of lung deposition in a patient. When the MMAD
1s 11 the range of about 3.0-4.5 um, a narrower GSD results
in a higher degree of lung deposition, since a higher per-
centage of particles will be under 5 um 1n diameter. It 1s
believed that, 1n general, aecrosol particles greater than 10 um
in aerodynamic diameter deposit primarily 1n the orophar-
ynx and are swallowed rather than reaching the lungs.
Because of the plausible link between MMAD and GSD
values and eventual deposition site within the respiratory
tract, smaller MMAD and GSD values may atlect both the
satety (by reducing non-pulmonary deposition and possibly
thereby, reducing local and potentially systemic eflects) and
the eflicacy (by increasing the amount of drug actually
deposited 1n the lungs) of drug products administered with
such high efliciency inhalation devices. Cascade impaction
and laser-diffraction provides for an in vitro method of
determining MMAD (or MMD) and GSD data, which can
then be plotted onto what usually results in a log-normal
shaped curve (depicting mass distribution % on the Y-axis
and droplet diameter on the X-axis). Laser-difiraction meth-
ods are well-known to one of ordinary skill in the art. In
addition to laser-difiraction methods, in wvitro data for
MMAD and GSD can also be measured using cascade
impaction or time-of-flight analytical methods, both of
which are known to one of ordinary skill 1n the art.

Geometric Standard Deviation (GSD) 1s a dimensionless
measure of dispersion from a geometric mean, such as the
MMAD. In general, the smaller the GSD for a particular
particle size distribution, the narrower the distribution curve.
In some embodiments, administration of the muscarinic
antagonist with the high efliciency nebulizer provides a GSD
of emitted droplet size distribution of the solution adminis-
tered with a high efliciency nebulizer of about 1.1 to about
2.1, about 1.2 to about 2.0, about 1.3 to about 1.9, less than
about 2, at least about 1.4 to about 1.8, at least about 1.5 to
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about 1.7, about 1.4, about 1.5, or about 1.6. In some
embodiments, administration of API with a high efliciency
nebulizer provides a Mass Median Aerodynamic Diameter
(MMAD) of droplet size of the solution emitted with the
high efliciency nebulizer of about 1 um to about 5 um, about
2 to about 4 um, about 3 to about 4 um, or about 3.5 to about
4.5 um.

Respirable Fraction (RE), Emitted Dose (ED) or Deliv-
ered Dose (DD), Respirable Dose (RD), and the Respirable
Dose Delivery Rate (RDDR) are in vitro-derived (calcu-
lated) parameters that provide technical dimensions for the
ciliciency of a nebulizer inhalation device. RF, which 1s
measured with a cascade impactor or laser diflraction appa-
ratus, 1s a generally accepted estimate within the medical
community of the fraction, which may be expressed as a
percentage, of drug that 1s available for lung deposition.
Droplets of less than 5.0 um 1 diameter are considered to
penetrate to the lung and can be defined as “RF<5 um” (1.¢.
fine particle fraction (FPF)). In some embodiments, admin-
istration of the muscarinic antagonist with a high efliciency
nebulizer provides a respirable fraction (RE) of API of at
least about 60%, at least about 65%, at least about 70%, at
least about 75%, at least about 80%, at least about 85%, at
least about 90%, about 60% to about 93%, about 65% to
about 95%, or about 70% to about 90%. In some embodi-
ments, the hlgh elliciency nebulizer 1s characterized by an
RF of at least about 80% or about 70% to about 90%.

The Emitted Dose (ED), or Delivered Dose (DD), of drug
administered to a patient 1s the portion of volume of liquid
filled 1nto the nebulizer, 1.¢. the f1ll volume, which 1s actually
emitted from the mouthpiece of the device. The diflerence
between the nominal dose and the ED 1s the amount of
volume lost primarily to residues, 1.e. the amount of {ill
volume remaining in the nebulizer after administration, or 1s
lost 1n aerosol form. The ED of the muscarinic antagonist 1s
to be tested under simulated breathing conditions using a
standardized bench setup, which are known to one of skill in
the art. In some embodiments, the ED of the muscarinic
antagonist of the present invention 1s at least about 30%, at
least about 35%, at least about 40%, at least about 45%, at
least about 50%, at least about 55%, at least about 60%,
about 30% to about 60%, about 30% to about 55%, about
30% to about 50%, about 30% to about 40%, about 30% to
about 75%, about 40% to about 70%, or about 435% to about
60%. The Respirable Dose (RD) 1s an expression of the
delivered mass of drug contained within emitted droplets
from a nebulizer that are small enough to reach the lung of
a patient. The RD 1s determined by multiplying the ED by
the RF, and can be readily determined using the respective
ED and RE values provided herein.

The output rate 1s the speed at which API 1s adminmistered
from the inhalation device. In some embodiments, admin-
istration of the muscarinic antagonist with the high eth-
ciency nebulizer provides an output rate of API of at least
about 2 times, 3 times or 4 times the output rate achievable
with a conventional nebulizer. For example, where the
muscarinic antagonist 1s glycopyrrolate, in some embodi-
ments the output rate 1s at least about 120 ug/min, at least
about 150 ug/min, at least about 200 ng/min or at least about
200 pg/min to at least about 5,000 ug/min. In some emboc,l-
ments, administration ol glycopyrrolate with the high efli-
ciency nebulizer provides an output rate of API of at least
about 120 ulL/min, at least about 150 ulL/min, at least about
200 uL/min or at least about 200 ul./min to at least about
5,000 ulL/min.

The Respirable Dose Delivery Rate (RDDR) 1s the speed
at which a respirable dose of the drug 1s nebulized, admin-
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1stered, and delivered to a patient’s lungs. RDDR, measured
as a function of ug/min, 1s determined by dividing the RD (1n
ug) by the amount of time necessary for inhalation. The
amount of time necessary for inhalation 1s measured as the
amount of time from the first moment of administration of
the emitted droplet from the nebulizer until the emitted
droplet of respirable diameter 1s delivered to the lung, as
measured using a standardized bench setup simulating
breathing conditions. In some embodiments, administration
of the muscarinic, antagonist to the patient with the high
clliciency nebulizer provides a respirable dose delivery rate
(RDDR) of at least about 2 times, 3 times or 4 times the
delivery rate achievable with a conventional nebulizer.
Where the muscarinic antagonist 1s glycopyrrolate, in some
embodiments the RDDR 1s at least about 100 ug/min, at least
about 150 ug/min, at least about 200 ug/min, about 100
ug/min to about 5,000 png/min, about 150 pg/min to about
4,000 ug/min or about 200 ug/min to about 3,500 pg/min. In
some embodiments, administration of the glycopyrrolate to
the patient with an aqueous inhalation device provides an
RDDR of at least about 100 ug/min or about 100 ug/min to
about 5,000 pug/min.

EXAMPLES

The following ingredients, processes and procedures for
practicing the systems and methods disclosed herein corre-
spond to that described above. The procedures below
describe some embodiments of methods of delivery of a
nebulized long-acting cholinergic antagonist aqueous solu-
tion (as a mono therapeutic agent), or in combination with
a nebulized p2-adrenoceptor aqueous solution (in combina-
tion therapy) as described herein and pharmacokinetic pro-
files thereot. Methods, materials, or excipients which are not
specifically described in the following examples are within
the scope of the invention and will be apparent to those
skilled 1n the art with reference to the disclosure herein.

Example 1: Single-Dose, Dose Escalation Study to
Assess Glycopyrrolate Inhalation Solution (GIS)

Using a High Efliciency Nebulizer in Patients with
COPD

Objectives:

The objectives of the study were as follows: Primary: To
assess the safety and tolerability of single ascending doses of
glycopyrrolate inhalation solution when administered using
a high efliciency nebulizer in patients with COPD. Second-
ary: (1) To assess and to compare the magnitude and
duration of bronchodilator response 1n patients with COPD
tollowing single doses of glycopyrrolate inhalation solution
when administered using a high efliciency nebulizer and a
conventional jet nebulizer; and (2) To assess the pharmaco-
kinetic (PK) profile of an inhaled glycopyrrolate solution
formulation.

Methodology:

This two part study was a two-center, single dose, dose-
escalation study 1n patients with COPD of 40-75 years of
age. There were 12 subjects included in the study.

Part 1 was an open label study to assess the safety,
tolerability, PK profile and bronchodilator response follow-
ing single doses of glycopyrrolate inhalation solution when
administered via a high efliciency nebulizer. Subjects were
studied 1n two cohorts 1n parallel. Prior to treatment, subjects
received a thorough medical examination (Screeming Visit).
A Treatment Period consisted of two doses of glycopyrrolate
inhalation solution being administered in the first cohort 1n
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a dose-escalation manner at two separate visits (Ireatment
Visits), and three doses being administered in the second
cohort 1n three separate visits (ITreatment Visits), with a
washout period of 5 to 12 days between doses for both
cohorts. After identifying an effective dose of glycopyrrolate
inhalation solution that provided 24 hours of bronchodila-
tion when using a high ethiciency nebulizer in Part 1, all
subjects entered Part 2 of the study and received, mn a
randomized, double-blind manner, a single dose of either
glycopyrrolate inhalation solution (as determined in Part 1)
or placebo via a conventional jet nebulizer. The high efhi-
ciency nebulizer tested was the eFlow (PARI, Germany).
The conventional jet nebulizer tested was a DeVilbiss 800 D.

Study procedures during each Treatment Period included
serial spirometry (including FEV,, FVC and PEFR) pre-
dose and immediately following dosing (within 5 minutes)
and 15, 30 60, 90 minutes and 2, 4, 6, 8, 10, 12, 15, 23, 24,
2’7, and 30 hours post-dose. Blood samples were obtained to
determine plasma GP concentrations at pre-dose and 3, 15,
30, 45 minutes and 1, 2, 4, 6, 8 and 12 hours post-dose. Vital
signs and 12-lead electrocardiogram were obtained at pre-
dose and 30 and 60 minutes and 2, 4, 8, 12, 24 and 30 hours
post-dose. Clinical labs were done at the Screening Visit and
within 7 days following the last study treatment (Safety
Follow-up Visit).

Study Treatments, Dose and Mode of Administration:

Part 1 (n=12): Subjects were randomly allocated to one of
2 cohorts running in parallel.

Cohort 1 (n=6): 1. Glycopyrrolate inhalation solution
(GIS) 25 ug/0.5 mL oral inhalation via eFlow; 2. GIS 200
ug/0.5 mL oral mhalation via eFlow.

Cohort 2 (n:=6): 1. GIS 75 pg/0.5 mL oral inhalation via
cFlow; 2. GIS 500 ug/0.5 mL oral; 3. GIS 1000 n/0.5 mL
oral inhalation via eFlow.

Part 2 (n=12): All subjects who participated 1n Part 1 were
included. Glycopyrrolate inhalation solution (200 mcg (ug)
dose (selected from Part 1) or placebo 1 2 mL solution
formulation via the conventional jet nebulizer.

Assessments

The primary eflicacy variable was serial spirometry
throughout the 36 hour period after dosing. The spirometry
assessments include forced expiratory volume in one second
(FEV,), forced vital capacity (FVC), peak expiratory flow
rate (PEFR), FEV,% of predicted normal.

The PK parameters to be evaluated for plasma glycopy-
rrolate are maximum concentration (C,_ ), time to maxi-
mum concentration (T, ), terminal elimination half-life
(T, ), areca under the plasma concentration-time curve from
time=0 to time of last measurable drug concentration
(AUC,_,), and area under the plasma concentration-time
curve from time=0 to mfinity (AUC,_, ).

Safety parameters include adverse events (AEs) including
assessment of dry mouth, and changes 1n vital signs, 12-lead
ECG (including QTc interval), and clinical laboratory tests.

The results are summarized 1n Table 1-1 and 1 FIG. 1
through FIG. 8.

In part 1, subjects in Cohort 1 received 25 pug and, atter the
washout period, 200 ug of glycopyrrolate with the high
clliciency nebulizer, while Cohort 2 received 75 ug, 500 ug
and 1000 ug doses of glycopyrrolate separated by washout
periods. Based on the results of part 1, 200 ug of glycopy-
rrolate was chosen as the comparator for carrying into part
2 of the study.

In part 2, the two cohorts were randomized to a placebo
group and an “active” group. The placebo group received
normal saline and the “active” group received 200 pug of
glycopyrrolate, both via the conventional jet nebulizer. The
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results of this study are depicted 1n the line graph 1n FIG. 3,
where the 200 ug eFlow® high efliciency nebulizer results
are also depicted for comparison. As can be seen in FIG. 3,
the 200 ug dose of glycopyrrolate administered with the
conventional jet nebulizer did not provide clinically mean-
ingiful 1improvement i FEV, at 12 hours and beyond,
whereas the same dose administered with the high e'ﬁciency
nebulizer provided clinically relevant improvements in
FEV, up to and beyond the 24 hour time point. Also, the
glycopyrrolate dose administered with the high efliciency
nebulizer provided a mean improvement 1n peak lung func-
tion (peak FEV,) of about 45 mL compared to the same
glycopyrrolate dose administered in the conventional jet
nebulizer.

FIG. 4 1s a graph comparing lung function response
(FEV1% change from baseline) over a time course of 30
hours for 200 ug of glycopyrrolate administered with a high
ciliciency nebulizer (left-most bar at each time point), 200
ug of glycopyrrolate administered with the conventional jet
nebulizer (right-most bar at each time point), and placebo
(saline) administered with the conventional jet nebulizer
(middle bar at each time point). The glycopyrrolate dose
administered with the high efliciency nebulizer provided
improvement in lung function of greater than 10% 1n FEV1
above baseline at the 24 hour time point, whereas the same
dose administered with the conventional jet nebulizer failed
to achieve an increase in FEV1 above baseline greater than
10% at the 12 hr time point and beyond.

As shown 1n FIG. 1, which 1s a bar graph comparing the
mean placebo-adjusted 24-hour (trough) change 1n FEV]
(L) for the 200 ug dose of glycopyrrolate delivered via the
high efliciency nebulizer to the 200 ug dose delivered via the
conventional jet nebulizer, the high ¢ 1c1ency nebulizer
provided significantly improved improvement 1n lung func-
tion at 24 hours post-administration of glycopyrrolate. This
1s the first known disclosure of a clinically meaningiul
improvement in lung function greater than 12 hours for any
solution formulation of glycopyrrolate at any dose.

Admimstration of glycopyrrolate with a high efliciency
nebulizer provides prolonged eflicacy across a broad dosage
range. As can be seen 1n FIG. 2, which 1s a graph comparing,
the mean placebo-adjusted 24-hour (trough) FEV1 (L)
obtained by adminmistering 25 g, 75 ng, 200 ug, 500 ug and
1000 nug of glycopyrrolate with a high efliciency nebulizer
(left 5 bars) and 200 ug with the conventional jet nebulizer
(right bar), the high efliciency nebulizer provided significant
improvement in lung function compared to baseline at 24
hours post-administration of glycopyrrolate for each of 75
ug, 200 ug, 500 ug and 1000 ug glycopyrrolate doses. There
1s no known teaching in the art that administration of a drug
with a high efliciency nebulizer will result in greater dura-
tion of eflicacy.

Another measure of improved lung function 1s the base-
line- and placebo-adjusted area under the FEV, change
curve from 0-24 hours (FEV,; AUC,_,,). FIG. 5 compares the
area under the FEV, change (L, above baseline) curve from
0-24 hours (FEV, AUC,_,,) obtained by administering 25
ug, 75 ug, 200 ug, 500 ug and 1000 ng of glycopyrrolate
with a ligh efliciency nebulizer (left 5 bars); and placebo
and 200 ug of glycopyrrolate with the conventional jet
nebulizer (right 2 bars). The FEV, AUCD . results are
shown 1n units of L-hr. As can be seen 1 FIG. 5, glycopy-
rrolate delivered with a high efliciency nebuhzer produced
significantly improved lung function over the period from
0-24 hours.

FIG. 6 1s a graph comparing the area under the I
change (L, above baseline) curve from 0-12 |
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(AUC,_,, ;,.) obtained by administering 25 png, 75 ug, 200
ug, 500 ug and 1000 pg of glycopyrrolate with a high
elliciency nebulizer (left 5 bars); and placebo and 200 ug of

glycopyrrolate with a conventional jet nebulizer (right 2
bars). The AUC,_,, results are shown in L-hr. The FEV,

AUC values for the 25 ug dose delivered by the thh
elliciency nebulizer achieved a similar robust magnitude of
FEV, improvement as the dose delivered by the conven-
tional jet nebulizer over the first 12 hours post-administra-
tion. The FEV, AUC values for the 75 ng, 200 ug, 500 lg
and 1000 ug of glycopyrrolate delivered with a high efli-
ciency nebulizer were significantly higher compared to the
FEV, AUC value for the 200 ug dose delivered with the
conventional jet nebulizer.

The improved duration of therapeutic activity of glyco-

pyrrolate administered with a high efliciency nebulizer, as
compared to the conventional jet nebulizer, can best be
observed 1n FIG. 7, which compares the area under the FEV
change (L, above baseline) curve from 12-24 hours (AUC, ,_
24) obtained by administering 25 ug, 75 ng, 200 ug, 500 ug

and 1000 g of glycopyrrolate with a high efliciency nebu-

lizer (left 5 bars); and placebo and 200 ug of glycopyrrolate
jet nebulizer (right 2 bars). The FEV,

AUC,,_,, results are shown 1n units of L-hr. As can be seen

with a conventional

in FIG. 7, at every glycopyrrolate dose tested, the improve-
ment 1n lung function with glycopyrrolate administered with

a high efliciency nebulizer was significantly greater between

12 and 24 hours than with the dose of glycopyrrolate
administered with the conventional jet nebulizer.

In order to better understand the mechanism by which

administration of glycopyrrolate with a high efliciency nebu-
lizer improves lung function, blood plasma concentration
levels of glycopyrrolate were obtained for the 200 ug high
elliciency nebulizer and 200 ug conventional nebulizer study

arms. Table 1-3 summarizes the pharmacokinetic (PK) mea-
surements obtained. FIG. 8 1s a line graph comparing
glycopyrrolate blood plasma concentrations during the first
two hours after administration of 200 ug glycopyrrolate with
a high efliciency nebulizer (upper line) and 200 ug glyco-

pyrrolate with the conventional jet nebulizer (lower line). As
can be seen in FIG. 8, 1n addition to exhibiting a later Tmax
and a considerably higher Cmax, the high efliciency nebu-
lizer (HEN) arm also exhibited significantly longer elimi-
nation. Without wishing to be bound by theory, it appears

that this may be evidence of a depot eflect, whereby the

enhanced deposition of glycopyrrolate in the lungs, and

particularly 1n the periphery of a diseased COPD lung which
1s characterized by poor mucociliary clearance, may result in
prolonged duration of bronchodilation.

One property of administration of glycopyrrolate with a

high efliciency nebulizer 1s an enhancement 1n glycopyrro-
late blood plasma AUC relative to Cmax. As can be seen 1n
Table 1-1, the ratio of AUC/Cmax for glycopyrrolate admin-
istered with a high efliciency nebulizer 1s much greater than
the AUC/Cmax for glycopyrrolate administered with the
conventional jet nebulizer. Achievement of a AUC/Cmax
ratio greater than 0.5 hrs, or 1 hr, or 1.5 hrs, or 2 hrs n
combination with a total AUC,_, greater than 100 pg/ml -h,
or 200 pg/ml -h 1s believed to be important for achievement
of a 24 hour duration of activity for a solution formulation
of glycopyrrolate.




Us 10,940,110 B2

41
TABLE

1-1

PK Values for Administration of Glycopyrrolate with High

Efficiency and Conventional Jet Nebulizers

Pharmacokinetic High Efficiency Nebulizer  Conventional Nebulizer
Value 200 ng 200 ug

Cmax 177 pg/mL 76 pg/mL
Tmax 11.6 min 8.2 min

AUCq 429 pg/mL - h 26 pg/mL - h
AUC ¢ imp 615 pg/mL - h 70 pg/mL - h
Cmax/AUC ¢ , 0.41/h 2.92/h

AUC ,/Cmax 242 h 0.35 h

ti2 4.1 h 09 h

/20060 min) 72 min 46 min

As can be seen 1n Table 1.1, the Tmax 1s longer (about 12
min. vs about 8 min.) for glycopyrrolate when administered
with the high efliciency nebulizer than with the conventional
jet nebulizer, demonstrating a slower elimination of glyco-
pyrrolate from the lung/airway compartment into the sys-
temic blood when using the high efficiency nebulizer. Addi-
tional evidence of a slower elimination of glycopyrrolate
from the lung/airway compartment when delivered by a high
ciliciency nebulizer 1s that, for the first 60 minutes post-
dosing, the plasma elimination hali-life of glycopyrrolate
was much greater (prolonged) as compared to administration
of the same dose with a conventional jet nebulizer (72 min.

vs 46 min.).

Example 2: Randomized, Double-Blind,
Placebo-Controlled Cross-Over, Single Dose Study

At least about thirty (30) adult human COPD patients of
ages >45 years are randomized to one of six treatment
groups: (1) 25 ng glycopyrrolate administered with a high
clliciency nebulizer; (2) 350 ug of glycopyrrolate adminis-
tered with a lhugh efliciency nebulizer; (3) 100 ug of glyco-
pyrrolate administered with a high etliciency nebulizer; (4)
200 ng of glycopyrrolate adminmistered with a high efliciency
nebulizer; (5) 500 ug of glycopyrrolate administered with a
high efliciency nebulizer; (6) placebo administered with a
high efliciency nebulizer.

Lung function 1s determined by spirometry, which mea-
sures e.g. FEV, and other suitable spirometry parameters.
Spirometry 1s conducted immediately before and at prede-
termined intervals following administration of the glycopy-
rrolate to the patients, Additionally, the patients will be
monitored for any adverse events, as well as for vital signs
and electrocardiogram.

A goal of this study i1s to verily that glycopyrrolate
administered to human patients with a high etliciency nebu-
lizer at the tested doses produces 1in a patient or population
of patients a therapeutic eflect (1.e. at least one spirometry
measurement, e.g. through FEV,, 1s at least 10% above
baseline for a significant period of time, e.g. at least 24
hours.)

Another goal of this study 1s to verily that glycopyrrolate
administered to human patients with a high etliciency nebu-
lizer produces 1n a patient or population of patients a suitable
adverse event profile.
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Example 3: Aerosol Characterization of
Glycopyrrolate Inhalation Solution 1n a High
Efficiency Nebulizer and a Conventional Jet
Nebulizer

Objective

The object of the study was to determine and compare the
drug delivery efliciency of two different nebulizer systems,
a high efliciency nebulizer and a conventional jet nebulizer,
using a glycopyrrolate inhalation solution (GIS). Droplet
s1ze and respirable fraction of the aerosol were measured by
laser diflraction, while delivered dose, nebulization time and
nebulizer residue were assessed by breath simulation using
a standard adult breathing pattern.

Summary

Two different nebulizers were characterized by laser dif-
fraction and breath simulation. An 1nnovative new vibrating
membrane, high efliciency nebulizer (PARI eFlow® 30 L),
and a commonly used conventional jet nebulizer (DeVilbiss
800 D). 12 laser diffraction and 12 breath simulation experi-
ments 1n total were carried out. The parameters of DD,
nebulization time, MMD, GSD, RD<5 um and RDDR were
determined upon these measurements.

The high efliciency nebulizer generated droplets of a mass
median diameter (IMMD) of around 3.5 um and a geometric
standard deviation (GSD) of 1.55 compared to the MMD
and GSD obtained from the conventional jet nebulizer (3.6
wm, 2.94).

To determine the delivered dose (DD), breath simulator
experiments were performed with an adult breathing pattern.

The respirable dose (R1)) 1s calculated by multiplying the
DD, obtamned i breath simulation experiments, by the
percentage of aerosol particles less than 5 um (RF<S pum)
determined by laser difiraction.

Materials and Methods

The drug formulation was a 2 mg/mlL, glycopyrrolate
solution (GIS). This solution was tested at the following
quantities (mg) and volumes (mL): High efliciency nebulizer
@1 mg/0.5 mL, and conventional jet nebulizer @, 4 mg/2
mlL.

Breath simulation tests were conducted and a breath
simulator with adult breathing pattern was conducted (500
ml. tidal volumes, 15 breaths/min, i1nhalation/exhalation
ratio 50:50).

The nebulizers were equipped with expiratory filters and
connected via an inspiratory filter to the breathing simulator.
The spiratory filter was changed aiter the first minute, the
second filter remained until the end of nebulization. The end
of the nebulization was reached for the high efliciency
nebulizer when the nebulizer switched off automatically; for
the jet nebulizer, the end of nebulization was achieved one
minute after sputtering began.

Laser diffraction was used to assess the geometric droplet
s1ze distribution with a Malvern MasterSizerX® laser dif-
fraction measurement device, Airflow was 15 L/min+0.1]
L/min; temperature was 23° C.+2° C.; relative humidity was
50% 1 5%. The parameters obtained with laser diffraction
were: mass median diameter of the droplets (MMD), respi-
rable fraction (RF), geometric standard deviation (GSD),
and total output rate (TOR).

The calculated parameters were respirable dose (RD) and
respirable drug delivery rate (RDDR).
The results of this 1n vitro aerosol characterization are

presented 1 Table 3-1.
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TABLE

>-1

In vitro aerosol characterization of a high efliciency nebulizer
and a conventional jet nebulizer.

High Efficiency Conventional Jet

Nebulizer Nebulizer
MMD/MMAD 3.5 um 3.6 um
GSD 1.6 pm 2.9 um
DD 66% 11%
RF <5 um R0% 67%
RD < 5 um 52.6% 7.5%
RDDR< 5 pm 39% 2%
CONCLUSION

While preferred embodiments of the present mmvention
have been shown and described herein, 1t will be obvious to
those skilled in the art that such embodiments are provided
by way of example only. Numerous variations, changes, and
substitutions will now occur to those skilled in the art
without departing from the invention. It should be under-
stood that various alternatives to the embodiments of the
invention described herein may be employed in practicing
the invention. It 1s intended, that the following claims define
the scope of the mvention and that methods and structures
within the scope of these claims and their equivalents be
covered thereby.

What 1s claimed 1s:

1. A pharmaceutical composition, comprising an aqueous
solution of glycopyrrolate having a volume of about 0.7 mL
to about 1.0 mL, a glycopyrrolate concentration of about 25
ug/mL to about 400 ug/ml., and a pH of about 3 to about 3,
wherein the solution 1s free of other bronchodilating agents
and 1s substantially free of preservatives.

2. The pharmaceutical composition of claim 1, further
comprising an organic acid.

3. The pharmaceutical composition of claim 2, wherein
the organic acid 1s citric acid or a pharmaceutically accept-
able salt thereof.

4. The pharmaceutical composition of claim 1, wherein
the solution 1s substantially free of benzyl alcohol.

5. The pharmaceutical composition of claim 1, wherein
the glycopyrrolate concentration 1s about 25 ng/ml..

6. The pharmaceutical composition of claim 1, wherein
the volume 1s about 1 mL.

10

15

20

25

30

35

40

44

7. The pharmaceutical composition of claim 1, wherein
the pharmaceutical composition 1s contained 1n a single dose
ampule.

8. The pharmaceutical composition of claim 1, compris-
ing an aqueous solution of glycopyrrolate having a volume
of about 1.0 mL, a glycopyrrolate concentration of about 25
ug/mL, and a pH of about 3 to about 5, wherein the solution
1s iree of other bronchodilating agents and 1s substantially
free of preservatives.

9. The pharmaceutical composition of claim 8, wherein
said aqueous solution further comprises citric acid or a
pharmaceutically acceptable salt thereof.

10. A method of treating chronic obstructive pulmonary
disease (COPD) 1n a subject comprising administering to the
subject a pharmaceutical composition via a high efliciency
nebulizer, wherein the pharmaceutical composition com-
prises an aqueous solution of glycopyrrolate having a vol-
ume ol about 0.7 mL to about 1.0 mL, a glycopyrrolate
concentration of about 25 ug/mL to about 400 ng/ml., and a
pH of about 3 to about 5, wherein the solution 1s free of other
bronchodilating agents and 1s substantially free of preser-
vatives.

11. The method of claim 10, wherein the pharmaceutical
composition further comprises an organic acid.

12. The method of claim 11, wherein the organic acid 1s
citric acid or a pharmaceutically acceptable salt thereof.

13. The method of claim 10, wherein the solution 1s
substantially free of benzyl alcohol.

14. The method of claim 10, wherein the glycopyrrolate

concentration 1s about 25 ug/mlL.

15. The method of claim 10, wherein the volume 1s about
1 mL.

16. The method of claim 10, wherein the pharmaceutical
composition 1s contained in a single dose ampule.

17. The method of claim 10, wherein the pharmaceutical
composition comprises an aqueous solution of glycopyrro-
late having a volume of about 1.0 ml, a glycopyrrolate
concentration of about 25 ug/mlL, and a pH of about 3 to
about 5, wherein the solution 1s free of other bronchodilating
agents and 1s substantially free of preservatives.

18. The method of claim 17, wherein said aqueous solu-
tion further comprises citric acid or a pharmaceutically
acceptable salt thereof.

G o e = x
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